



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Ar13R! Ardmore,!OK! Rainfed! 34.18! B97.09! 12!Oct!2012! 25!June!2013!
Bu12R! Bushland,!TX! Rainfed! 35.18! B102.10! 3!Nov!2011! 10!June!2012!
Fo13! Fort!Collins,!CO! Averaged!across!treatments†! 40.65! B105.00! 2!Oct!2012! 18B22!July!2013‡!
Gr12P! Greeley,!CO! Partial!irrigation! 40.42! B104.71! 19!Oct!2011! 3!July!2012!
Gr12F! Greeley,!CO! Full!irrigation! 40.42! B104.71! 19!Oct!2011! 13!July!2012!
Ha13R! Hays,!KS! Rainfed! 38.88! B99.33! 10!Oct!2012! 3!July!2013!
It12R! Ithaca,!NE! Rainfed! 41.16! B96.43! 4!Oct!2011! 28!June!2012!
It13R! Ithaca,!NE! Rainfed! 41.28! B96.41! 25!Sept!2012! 17!July!2013!











n& Ppd$A1' Ppd$B1' Ppd$D1' Rht$B1' Rht$D1'
45! b+ b+ b+ a+ a+
4! b+ b+ b+ a+ b+
54! b+ b+ b+ b+ a+
1! b+ b+ b+ het+ a+
6! b+ b+ a+ a+ a+
6! b+ b+ a+ a+ b+
43! b+ b+ a+ b+ a+
1! b+ b+ a+ het+ a+
1! b+ b+ a+ het+ het+
16! b+ a+ b+ a+ a+
1! b+ a+ b+ a+ b+
74! b+ a+ b+ b+ a+
2! b+ a+ a+ a+ a+
2! b+ a+ a+ a+ b+
24! b+ a+ a+ b+ a+
1! a+ b+ b+ a+ het+
1! a+ b+ a+ a+ b+
3! a+ a+ b+ b+ a+








n& Ppd$A1b' Ppd$B1b' Ppd$D1b'
Before!1960! 19! 1.00! 0.90! 0.85!
196021979! 34! 1.00! 0.67! 0.85!
198021999! 114! 0.99! 0.58! 0.71!









































































Ar13R! 105.46***! 2.55*! 80.23!ns†! 80.10!ns! 8.07***! 82.28!ns! 88‡! 0.58!
Bu12R! 115.78***! 1.23!ns! 81.94!ns! 83.03***! 6.69***! 88! 2.04*! 0.59!
Fo13! 149.77***! 80.13!ns! 80.24!ns! 80.81**! 1.33**! 88! 88! 0.14!
Gr12F! 134.68***! 0.80!ns! 80.07!ns! 88! 4.18***! 88! 88! 0.41!
Gr12P! 133.56***! 0.88!ns! 0.44!ns! 81.38***! 2.35**! 88! 88! 0.31!
Ha13R! 140.22***! 0.42!ns! 0.18!ns! 80.49*! 1.57***! 88! 88! 0.32!
It12R! 121.71***! 0.80!ns! 82.93**! 83.42***! 8.21***! 88! 3.14***! 0.64!
It13R! 145.77***! 80.21!ns! 80.36!ns! 81.35***! 3.27***! 88! 88! 0.31!




















































































































































































































































































































































































































GDD# °#C · d# = # #
)*+,-#.#)*/0-
1










































































































































































































































































































































































































































































y = 2460 - 1089x
r2 = 0.34
y = 6503 - 1069x
r2 = 0.19





























Ar13R! Ardmore,!OK! Rainfed! 34.18! J97.09! 12!Oct!2012! 25!June!2013!
Bu12R! Bushland,!TX! Rainfed! 35.18! J102.10! 3!Nov!2011! 10!June!2012!
Fo13R! Fort!Collins,!CO! Rainfed! 40.65! J105.00! 2!Oct!2012! 18!July!2013!
Fo13F! Fort!Collins,!CO! Full!irrigation! 40.65! J105.00! 2!Oct!2012! 22!July!2013!
Gr12P! Greeley,!CO! Partial!irrigation! 40.42! J104.71! 19!Oct!2011! 3!July!2012!
Gr12F! Greeley,!CO! Full!irrigation! 40.42! J104.71! 19!Oct!2011! 13!July!2012!
Ha13R! Hays,!KS! Rainfed! 38.88! J99.33! 10!Oct!2012! 3!July!2013!
It12R! Ithaca,!NE! Rainfed! 41.16! J96.43! 4!Oct!2011! 28!June!2012!
It13R! Ithaca,!NE! Rainfed! 41.28! J96.41! 25!Sept!2012! 17!July!2013!
Ma12R! Manhattan,!KS! Rainfed! 39.14! J96.64! 18!Nov!2011! 3!July!2012!











Mean'±'s.d.' Range' Mean'±'s.d.' Range' Mean'±'s.d.' Range'
GGGGGGGGGGG'°C·d'GGGGGGGGGGG' GGGGGGGGGGG'days'GGGGGGGGGGG' GGGGGGGGGGG'kg'haG1GGGGGGGGGGG'
It13R! 730!±!59! 571–903! 145.7!±!3.0! 137–155! 5,239!±!443! 4,050–6,204!
Fo13R! 739!±!31! 684–890! 149.4!±!2.0! 146–159! 2,503!±!132! 2,140–2,989!
Fo13F! 744!±!32! 684–837! 149.9!±!2.2! 146–156! 4,958!±!398! 3,980–5,999!
Gr12P! 870!±!44! 783–986! 134.4!±!3.2! 127–142! 2,532!±!217! 1,961–3,093!
Ha13R! 892!±!32! 816–999! 140.9!±!1.8! 137–146! 3,444!±!339! 1,592–4,474!
Gr12F! 903!±!52! 753–1,089! 136.8!±!3.4! 125–148! 4,782!±!969! 1,711–6,604!
It12R! 925!±!96! 706–1,192! 122.3!±!5.2! 108–137! 3,597!±!374! 2,378–4,522!
Bu12R! 1,042!±!96! 873–1,306! 116.6!±!4.8! 107–131! 1,332!±!321! 338–1,904!
Ar13R! 1,057!±!94! 922–1,339! 109.0!±!5.8! 101–127! 2,119!±!419! 701–3,024!
Ma12F! 1,105!±!80! 949–1,276! 122.2!±!3.9! 114–131! 2,872!±!337! 2,113–3,861!
Ma12R! 1,112!±!79! 1,010–1,309! 122.5!±!4.0! 117–133! 2,663!±!333! 1,846–3,728!
Genotype!Mean! 920!±!55! 813–1,067! 131.8!±!3.0! 119–140! 3,276!±!242! 2,489–3,777!
Genotype!Min! 712!±!42! 571–824! 109.0!±!5.7! 101–125! 1,318!±!321! 338–1,904!




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































(Env( P( P( P( I( P( I( P( I( P( I( P( I( P( I( P+I(
Gr12F! 0.3!! 10.7!! 0.5!! 25.4! 23.1!! 50.8! 28.2!! 144.8! 19.3!! 114.3! .! .! 82.1! 335.3! 417.4!
Gr12P! 0.3! 10.7!! 0.5!! 25.4! 23.1!! 12.7! 28.2!! 50.8! 19.3!! 12.7! .! .! 82.1! 101.6! 183.7!
Fo13F! 0.3!! 2!! 5.3!! OO! 30.2!! OO! 35.8!! 63.5! 11.9!! 146.1! 38.9!! 12.7! 124.4! 222.3! 346.7!


































&Trait& Mean&±&s.d.& Range& Mean&±&s.d.& Range& %&Reduction&
GY! 4801.89!±!978.54! 1631.06–6704.98! 2510.21!±!251.38! 1787.45–3112.53! 47.72!
SN! 454.74!±!17.65! 396.69–513.44! 318.05!±!37.55! 237.47–606.74! 30.06!
KN! 7286.30!±!522.71! 6000–8638! 4651.48!±!530.20! 3128–9022! 36.17!
KPS! 37.17!±!3.87! 26.11–48.3! 31.72!±!4.76! 17.05–49.58! 14.66!
SPS! 16.04!±!1.25! 13.02–20.49! 14.67!±!1.09! 11.72–18.32! 8.54!
PFS! 0.89!±!0.03! 0.79–0.97! 0.90!±!0.04! 0.74–0.99! Q1.12!
KW! 33.07!±!0.03! 32.99–33.13! 29.57!±!2.28! 20.42–36.4! 10.58!
BM! 477.92!±!36.66! 277.34–588.53! 231.22!±!19.56! 174.15–300.34! 51.62!
GBM! 161.87!±!30.05! 65.85–260.78! 88.32!±!9.11! 63.14–128.09! 45.44!
HI! 0.34!±!0.05! 0.15–0.43! 0.38!±!0.04! 0.26–0.52! Q11.76!
PH! 89.91!±!9.30! 67.77–117.74! 57.97!±!3.89! 47.36–72.69! 35.52!
DTB! 128.49!±!3.59! 122.07–139.78! 124.89!±!2.95! 117.55–136.20! 2.80!
DTH! 136.69!±!3.38! 124.7–148.05! 134.34!±!3.21! 126.87–141.47! 1.72!
DTF! 143.42!±!2.53! 136.83–152.27! 137.71!±!2.05! 133.94–143.17! 3.98!
DTM! 174.15!±!2.28! 168.66–180.50! 166.44!±!1.89! 161.44–171.84! 4.43!











&Trait& Mean&±&s.d.& Range& Mean&±&s.d.& Range& %&Reduction&
GY! 5008.33!±!401.80! 3984.50–6042.30! 2684.49!±!132.85! 2318.60–3171.40! 46.40!
SN! 373.82!±!32.88! 276.35–459.94! 355.05!±!17.53! 320.69–449.27! 5.02!
KN! 5966.17!±!665.79! 4061–8133! 5569.00!±!395.18! 4548–6976! 0.07!
KPS! 38.21!±!2.46! 32.49–46.42! 30.28!±!3.61! 17.84–40.00! 20.75!
SPS! 15.97!±!1.27! 11.96–19.28! 15.69!±!0.88! 13.31–18.70! 1.75!
PFS! 0.92!±!0.03! 0.84–0.98! 0.91!±!0.03! 0.77–0.98! 1.09!
KW! 35.62!±!2.87! 27.58–45.45! 25.85!±!1.86! 19.84–31.17! 27.43!
BM! 304.96!±!10.56! 279.33–338.15! 228.21!±!16.55! 190.28–270.99! 25.17!
GBM! 122.24!±!8.38! 101.70–147.52! 74.88!±!5.40! 62.91–90.38! 38.74!
HI! 0.40!±!0.02! 0.30–0.49! 0.33!±!0.03! 0.24–0.40! 17.50!
PH! 79.2!±!6.83! 65.56–99.82! 61.86!±!4.42! 48.43–74.11! 21.89!
DTJ! NA! NA! 131.85!±!0.12! 131.38–132.29! NA!
DTB! 145.56!±!1.69! 140.92–148.88! 145.63!±!1.81! 142.55–151.43! Q0.05!
DTH! 149.84!±!2.16! 146.19–156.08! 149.45!±!2.13! 145.56–159.51! 0.26!
DTF! 155.35!±!1.60! 152.19–159.05! 154.36!±!1.63! 151.94–159.37! 0.64!
DTM! 185.91!±!1.68! 180.19–189.96! 178.95!±!1.90! 172.76–183.41! 3.74!










!! GY& SN& KN& KPS& SPS& PFS& KW& BM& GBM& HI& PH& DTH& GF&
GY&
!
0.44***! 0.40***! 0.18**! 0.09!ns! 0.08!ns! 0.23***! 0.37***! 0.49***! 0.30***! 0.09!ns! 0.04!ns! 0.15**!
! !
0.17**! 0.14*! 0.37***! 0.03!ns! 0.12*! 0.35***! 0.42***! 0.58***! 0.51***! 0.32***! Q0.32***! 0.00!ns!
SN& 0.18**!
!




0.62***! Q0.56***! Q0.09!ns! Q0.2***! Q0.34***! 0.17**! 0.11!ns! Q0.11!ns! 0.17**! 0.01!ns! Q0.06!ns!
KN& 0.37***! 0.79***!
!




Q0.09!ns! 0.72***! Q0.31***! Q0.44***! 0.20***! 0.12*! Q0.16**! 0.26***! 0.24***! 0.09!ns!
KPS& 0.50***! Q0.52***! Q0.11!ns!
!




0.38***! 0.31***! 0.03!ns! 0.13*! 0.26***! 0.35***! Q0.01!ns! Q0.08!ns! 0.06!ns!
SPS& 0.27***! Q0.37***! 0.27***! 0.65***!
!
Q0.30***! Q0.21***! 0.07!ns! 0.01!ns! Q0.07!ns! 0.26***! 0.42***! Q0.02!ns!
!
Q0.26***! Q0.39***! 0.86***! 0.45***!
!
Q0.21***! Q0.26***! 0.11!ns! 0.06!ns! Q0.11!ns! 0.19**! 0.29***! 0.17**!
PFS& 0.37***! Q0.29***! Q0.01!ns! 0.57***! 0.45***!
!
0.06!ns! Q0.13*! 0.01!ns! 0.16**! Q0.44***! Q0.18**! 0.12*!
!
0.21***! Q0.09!ns! 0.25***! 0.44***! 0.27***!
!
0.07!ns! Q0.10!ns! Q0.01!ns! 0.16**! Q0.18**! Q0.17**! 0.03!ns!
KW& 0.13*! Q0.41***! Q0.45***! 0.02!ns! Q0.03!ns! 0.07!ns!
!
0.05!ns! 0.12*! 0.16**! 0.10!ns! Q0.20***! 0.14*!
!
0.57***! 0.10!ns! Q0.38***! 0.03!ns! Q0.41***! 0.07!ns!
!
0.08!ns! 0.22***! 0.33***! 0.25***! Q0.28***! 0.06!ns!
BM& 0.11!ns! 0.22***! 0.22***! Q0.03!ns! Q0.01!ns! Q0.12*! Q0.1!ns!
!
0.87***! Q0.02!ns! 0.35***! 0.07!ns! 0.07!ns!
!
0.13*! 0.09***! 0.09!ns! 0.12*! 0.04!ns! 0.02!ns! Q0.02!ns!
!
0.86***! 0.13*! 0.25***! Q0.19**! Q0.12*!
GBM& 0.52***! 0.15**! 0.26***! 0.25***! 0.14*! 0.13*! 0.08!ns! 0.71***!
!
0.43***! 0.17**! 0.03!ns! 0.11!ns!
!
0.75***! 0.43***! 0.01!ns! 0.27***! Q0.21***! 0.14*! 0.49***! 0.53***!
!
0.54***! 0.27***! Q0.25***! Q0.13*!
HI& 0.61***! Q0.04!ns! 0.11!ns! 0.46***! 0.22***! 0.40***! 0.24***! Q0.08!ns! 0.56***!
!
Q0.19***! Q0.05!ns! 0.08!ns!





!! GY& SN& KN& KPS& SPS& PFS& KW& BM& GBM& HI& PH& DTH& GF&




Q0.71***! Q0.39***! 0.10!ns! Q0.18***! 0.29***! Q0.23***! Q0.47***! 0.08!ns! Q0.50***! Q0.67***!
!
0.00!ns! Q0.01!ns!




Q0.39***! 0.16**! 0.06!ns! Q0.34***! Q0.15**! Q0.34***! Q0.30***! 0.33***! Q0.16**! Q0.60***! 0.35***!
!
!0.35***!
GF& 0.26***! Q0.11!ns! Q0.06!ns! 0.17**! 0.07!ns! 0.15**! 0.25***! Q0.13*! 0.11!ns! 0.29***! Q0.13*! Q0.44***!













Trait& G& E& G×E& H2&
GY! 440026.8*! 534505169.7***! 256200.7*! 0.43!
SN! 1346.1***! 998046.0***! !!>>!‡!! 0.69!
KN! 43315.4***! 26739237.0***! >>! 0.56!
KPS! 34.081***! 4633.0***! >>! 0.78!
SPS! 3.474***! 120.7***! >>! 0.84!
PFS! 0.003***! 0.05***! >>! 0.85!
KW! 9.11***! 5414.5***! >>! 0.71!
BM! 564.6!ns†! 4095665.7***! >>! 0.08!
GBM! 319.9**! 450585.3***! 256.5*! 0.20!
HI! 0.002**! 0.314***! 0.001*! 0.63!
PH! 100.3***! 67138.3***! >>! 0.77!
DTB! 20.134***! 36365.3***! 2.583**! 0.87!
DTH! 23.232***! 20231.0***! >>! 0.89!
DTF! 9.735***! 22055.7***! 2.059**! 0.79!
DTM! 9.983***! 20131.3***! >>! 0.82!









!! GY& SN& KN& KPS& SPS& PFS& KW& BM& GBM& HI& PH& DTB& DTH& DTF& DTM& GF&
GY& !! A0.27! <A1.0†! 0.69! A0.14! 0.69! 0.45! 0.14! >1.0†! >1.0! A0.77! A0.79! A0.77! A0.76! A0.56! 0.36!
SN&
!
!! <A1.0! A0.69! A0.35! A0.14! A0.42! 0.36! A0.34! <A1.0! 0.16! 0.15! 0.20! 0.13! A0.07! A0.40!
KN&
! !
!!!! A0.91! <A1.0! A0.93! <A1.0! A0.93! <A1.0! A0.89! A0.92! <A1.0! A0.91! <A1.0! A0.92! <A1.0!
KPS&
! ! !
!!! 0.50! 0.47! A0.11! 0.05! 0.71! 0.08! A0.44! A0.21! A0.21! A0.13! 0.07! 0.41!
SPS&
! ! ! !
!! A0.04! A0.35! 0.27! A0.22! A0.42! 0.17! 0.41! 0.40! 0.50! 0.50! 0.02!
PFS&
! ! ! ! !
!! 0.01! A0.11! 0.74! 0.51! A0.48! A0.38! A0.34! A0.33! A0.14! 0.37!
KW&
! ! ! ! ! !
!! 0.15! 0.71! 0.45! A0.05! A0.43! A0.45! A0.46! A0.38! 0.17!
BM&
! ! ! ! ! ! !
!! A0.49! <A1.0! 0.81! 0.47! 0.53! 0.49! 0.50! 0.00!
GBM&
! ! ! ! ! ! ! !
!! >1.0! A0.76! <A1.0! <A1.0! <A1.0! A0.87! 0.22!
HI&
! ! ! ! ! ! ! ! !
!! <A1.0! <A1.0! <A1.0! <A1.0! A0.72! 0.27!
PH&
! ! ! ! ! ! ! ! ! !
!! 0.62! 0.58! 0.55! 0.39! A0.30!
DTB&
! ! ! ! ! ! ! ! ! ! !
!! 0.97! 0.94! 0.83! A0.22!
DTH&
! ! ! ! ! ! ! ! ! ! !
!
!! >1.0! 0.01! >1.0!
DTF&





















Trait& G& T& Y& G×T& G×Y& T×Y& G×T×Y&
GY! 440003.6***! 1590701682.0***! 10770542.0***! !!!AA‡! 303959.3**! !AA! AA!
SN! 1346.1***! 1804320.0***! 145449.0***! !AA! !AA! 1042078.0***! !AA!
KN! 43315.4***! 53065419.0***! 106672.0**! !AA! 17436.3***! 27045619.0***! AA!
KPS! 12.4!ns†! 13423.0***! 34.1***! !AA! 9.789***! 463.3***! !AA!
SPS! 3.474***! 205.8***! 67.72***! 0.584***! 0.717***! 88.6***! !AA!
PFS! 0.003***! 0.008***! 0.122***! !AA! 0.001**! 0.021***! !AA!
KW! 9.1***! 13195.4***! 100.8***! !AA! !AA! 2947.3***! !AA!
BM! !AA! 7820057.0***! 2318572.0***! !AA! !AA! 2162446.0***! !AA!
GBM! 279.3*! 3927.8***! 210656.0***! 236.8*! 283.5*! 51138.0***! 247.3*!
HI! 0.002**! 0.001*! 0.006***! 0.001*! 0.001**! 0.89***! 0.001*!
PH! 100.3***! 181808.0***! 3527.0***! 32.111***! 21.332***! 15945.0***! !AA!
DTB! 10.815***! 4.629***! 107148.0***! 1.497**! 4.705***! 1012.0***! 1.550**!
DTH! 23.232***! 569.0***! 59847.0***! !AA! 4.668***! 289.0***! !AA!
DTF! 5.662***! 12.862***! 61108.0***! 1.567*! 3.034**! 1675.0***! 1.569*!
DTM! 9.983***! 16138.0***! 44214.0***! 1.896*! 1.896*! 43.0***! !AA!
















Trait& Fo13F& Fo13R& Gr12F& Gr12P& Total&
GY! 0! 0! 0! 0! 0!
SN! 1! 0! 0! 2! 3!
KN! 5! 0! 6! 0! 11!
KPS! 1! 0! 0! 1! 2!
SPS! 1! 5! 2! 20! 28!
PFS! 3! 10! 0! 5! 18!
KW! 0! 0! 0! 0! 0!
BM! 1! 0! 0! 10! 11!
GBM! 0! 0! 0! 0! 0!
HI! 3! 1! 2! 14! 20!
PH! 0! 0! 4! 0! 4!
DTB! 11! 0! 7! 5! 23!
DTH! 0! 0! 17! 0! 17!
DTF! 6! 15! 0! 0! 21!
DTM! 0! 0! 0! 0! 0!
GF! 0! 15! 0! 0! 15!















BM! Tdurum_contig66604_927! 5B! 183.0! 4.41EM05! 0.47! 0.06! 2.648!
DTB! wsnp_Ex_rep_c102067_87314043! 1A! 107.7! 1.29EM03! 0.38! 0.03! 0.371!
!
wsnp_Ex_c15269_23491104! 3A! 89.2! 5.61EM04! 0.26! 0.04! 0.522!
!
tplb0049a09_1302! 5A! 139.8! 2.22EM04! 0.07! 0.04! 0.706!
!
Ex_c9615_1202! 7A! 82.7! 1.13EM04! 0.32! 0.05! 0.460!
!
BS00066271_51! 1B! 21.0! 1.20EM03! 0.50! 0.03! 0.337!
!
BS00057153_51! 4B! 75.6! 2.46EM04! 0.11! 0.04! 0.674!
!
Tdurum_contig81113_395! 4B! 112.2! 1.07EM04! 0.28! 0.05! 0.458!
!
IAAV8378! 5B! 76.9! 1.90EM04! 0.06! 0.04! 0.751!
!
BobWhite_c11495_120! 5B! 112.4! 6.58EM05! 0.09! 0.05! 0.684!
!
Excalibur_c6871_217! 7B! 98.6! 2.57EM04! 0.21! 0.04! 0.451!
!
Ex_c8238_637! 7D! 137.6! 4.73EM04! 0.11! 0.04! 0.569!
DTF! Excalibur_rep_c101767_219! 3A! 76.4! 5.02EM04! 0.25! 0.04! 0.441!
!
BobWhite_c2988_2161! 2B! 56.3! 5.73EM04! 0.16! 0.04! 0.481!
!
BS00023023_51! 7B! 120.8! 2.54EM04! 0.26! 0.04! 0.412!
!
Ra_c11906_1618! 1D! 107.1! 2.73EM04! 0.35! 0.04! 0.412!
!
Excalibur_c17039_436! 2D! 36.5! 1.03EM04! 0.28! 0.05! 0.437!
!
RAC875_c51595_177! 3D! 142.3! 2.36EM04! 0.46! 0.04! 0.401!
HI! IAAV880! 2A! 149.6! 2.18EM04! 0.17! 0.05! 0.006!
!
BobWhite_c22728_78! 2B! 109.2! 3.50EM04! 0.18! 0.04! 0.006!
!

















KN! Excalibur_c57840_227! 6B! 100.1! 2.27EM05! 0.06! 0.06! 349.6!
!
BS00093252_51! 3A! 181.5! 1.44EM04! 0.08! 0.05! 278.4!
!
wsnp_JD_c43684_30430706! 5D! 69.1! 1.95EM04! 0.29! 0.04! 177.4!
!
CAP11_c3666_426! 7A! 211.7! 4.36EM04! 0.05! 0.04! 294.6!
!
Kukri_c40035_258! 2A! 99.3! 4.38EM04! 0.18! 0.04! 202.8!
KPS! IACX6337! 2A! 113.3! 7.59EM05! 0.25! 0.04! 0.781!
PFS! wsnp_JD_c2128_2930150! 5A! 15.9! 1.79EM04! 0.29! 0.04! 0.007!
!
Excalibur_c29255_404! 5A! 139.8! 1.10EM04! 0.06! 0.04! 0.013!
!
Tdurum_contig42153_1190! 2B! 66.2! 1.22EM04! 0.43! 0.04! 0.008!
SPS! wsnp_Ku_rep_c104159_90704469! 7A! 152.8! 3.99EM05! 0.26! 0.05! 0.405!

















DTF! BobWhite_c37935_124! 1A! 74.8! 6.52EM04! 0.09! 0.04! 0.618!
!
BobWhite_c9249_564! 3A! 42.6! 2.56EM04! 0.48! 0.04! 0.371!
!
wsnp_Ku_c5378_9559013! 3A! 90.6! 2.52EM04! 0.47! 0.05! 0.405!
!
wsnp_Ex_c9779_16145653! 6A! 21.1! 7.26EM04! 0.12! 0.04! 0.519!
!
Kukri_c65887_282! 6A! 85.1! 5.49EM04! 0.05! 0.04! 0.778!
!
BS00088489_51! 2B! 108.0! 1.87EM05! 0.05! 0.06! 0.959!
!
BS00062304_51! 4B! 110.8! 2.36EM04! 0.17! 0.05! 0.496!
GF! wsnp_Ex_c2181_4089788! 1A! 68.8! 1.39EM03! 0.19! 0.03! 0.513!
!
Ex_c101416_378! 4A! 70.6! 1.41EM03! 0.07! 0.03! 0.705!
!
BobWhite_c534_837! 6A! 58.5! 2.74EM04! 0.15! 0.04! 0.634!
!
CAP8_c702_377! 7A! 124.3! 5.70EM04! 0.09! 0.04! 0.639!
!
IAAV5863! 1B! 114.6! 1.30EM03! 0.44! 0.03! 0.398!
!
RAC875_c52774_135! 4B! 75.6! 9.24EM04! 0.10! 0.04! 0.691!
!
IACX7649! 5B! 79.6! 8.62EM04! 0.09! 0.04! 0.676!
!
Kukri_c12901_706! 7B! 98.7! 3.08EM04! 0.22! 0.04! 0.492!
!
Kukri_c8913_655! 3D! 119.4! 7.77EM04! 0.13! 0.04! 0.573!
!
Kukri_c64744_698! 4D! 17.7! 1.52EM03! 0.25! 0.03! 0.420!
!
RAC875_c98242_422! 6D! 22.9! 9.96EM04! 0.22! 0.04! 0.451!
HI! wsnp_Ex_c3963_7179957! 1A! 70.1! 3.71EM06! 0.21! 0.07! 0.012!
PFS! wsnp_BE442666A_Ta_2_1! 4A! 51.7! 1.08EM04! 0.08! 0.04! 0.012!
! wsnp_JD_c2128_2930150! 5A! 15.9! 4.41EM05! 0.29! 0.05! 0.008!
! Excalibur_c29255_404! 5A! 139.8! 3.73EM05! 0.06! 0.05! 0.014!
! BS00040600_51! 7A! 122.9! 7.02EM04! 0.13! 0.03! 0.010!
! Tdurum_contig42153_891! 2B! 66.2! 3.44EM04! 0.43! 0.04! 0.008!
! wsnp_Ex_rep_c67471_66073729! 5B! 39.4! 6.01EM04! 0.06! 0.03! 0.012!















SPS! tplb0032i02_1435! 2A! 25.0! 5.55EM05! 0.47! 0.05! 0.233!
!
wsnp_Ku_rep_c104159_90704469! 7A! 152.8! 8.19EM05! 0.26! 0.05! 0.269!
!

















DTB! Excalibur_c35316_154! 1A! 16.7! 2.08EM05! 0.40! 0.05! 0.97!
!
BobWhite_c37935_124! 1A! 74.8! 3.34EM04! 0.09! 0.03! 1.39!
!
BobWhite_c25163_178! 4A! 153.0! 3.18EM04! 0.26! 0.03! 0.87!
!
Tdurum_contig42153_891! 2B! 66.2! 3.95EM04! 0.43! 0.03! 0.92!
!
BobWhite_c19554_544! 2B! 107.5! 3.17EM04! 0.05! 0.03! 1.70!
!
Tdurum_contig15734_221! 7B! 120.9! 5.22EM05! 0.24! 0.04! 1.01!
DTH! wsnp_Ex_c905_1748920! 2A! 151.3! 8.33EM04! 0.26! 0.03! 0.76!
!
wsnp_Ku_c3956_7237707! 3A! 86.7! 2.76EM04! 0.25! 0.04! 1.00!
!
wsnp_Ku_c5693_10079278! 7A! 208.7! 8.14EM04! 0.06! 0.03! 1.29!
!
Kukri_c22513_1780! 2B! 26.5! 6.13EM04! 0.19! 0.03! 0.84!
!
wsnp_Ex_rep_c70756_69644826! 2B! 65.0! 1.36EM04! 0.40! 0.04! 0.95!
!
BobWhite_c29596_649! 2B! 115.0! 9.83EM04! 0.31! 0.03! 0.78!
!
BS00034554_51! 6B! 93.5! 8.26EM04! 0.35! 0.03! 0.71!
!
Tdurum_contig15734_221! 7B! 120.9! 1.44EM04! 0.24! 0.04! 0.88!
!
Kukri_rep_c73094_348! 5D! 72.3! 5.98EM04! 0.35! 0.03! 0.74!
!
Excalibur_c55782_55! 7D! 127.7! 8.27EM04! 0.49! 0.03! 0.63!
HI! Tdurum_contig29087_757! 1B! 136.0! 1.41EM05! 0.06! 0.05! 0.03!
!
wsnp_Ra_c4321_7860456! 2B! 41.4! 1.02EM04! 0.27! 0.04! 0.01!
KN! Excalibur_c35316_154! 1A! 16.7! 2.62EM04! 0.40! 0.04! 130.5!
!
BobWhite_c26374_339! 2A! 73.9! 2.16EM04! 0.29! 0.04! 137.7!
!
BS00046261_51! 6A! 133.7! 2.40EM04! 0.05! 0.04! 263.8!
!
wsnp_JD_c20555_18262317! 7A! 152.8! 2.75EM07! 0.26! 0.26! 213.5!
!














PH! wsnp_Ra_c407_862316! 2B! 72.0! 1.22EM04! 0.49! 0.03! 2.37!
SPS! Excalibur_c35316_154! 1A! 16.7! 2.07EM04! 0.40! 0.04! 0.31!
!


















BM! Ra_c42858_91! 3A! 109.9! 6.53EM04! 0.10! 0.04! 7.494!
!
wsnp_Ex_c18941_27840714! 5A! 74.8! 9.44EM04! 0.10! 0.04! 6.573!
!
BobWhite_c534_837! 6A! 58.5! 7.57EM04! 0.15! 0.04! 6.372!
!
Kukri_c15151_249! 7A! 175.7! 1.08EM03! 0.47! 0.04! 4.233!
!
Kukri_c21270_1870! 4B! 59.9! 2.06EM04! 0.14! 0.05! 7.015!
!
tplb0026o15_1634! 4B! 74.3! 4.95EM04! 0.27! 0.04! 5.379!
!
BobWhite_c26082_239! 5B! 170.5! 7.40EM04! 0.28! 0.04! 4.824!
!
BS00101364_51! 7B! 120.1! 4.64EM04! 0.46! 0.04! 4.484!
DTB! BS00067096_51! 5A! 39.0! 9.18EM05! 0.05! 0.04! 1.461!
!
wsnp_Ex_c9779_16145653! 6A! 21.1! 2.91EM05! 0.12! 0.05! 1.107!
!
CAP12_c590_307! 1B! 136.0! 3.17EM04! 0.06! 0.03! 1.387!
!
Kukri_c16479_765! 2B! 76.7! 1.52EM05! 0.22! 0.05! 0.935!
!
BS00034554_51! 6B! 93.5! 1.38EM04! 0.35! 0.04! 0.726!
HI! Excalibur_c24511_1196! 4A! 74.5! 8.62EM04! 0.21! 0.03! 0.009!
!
Ex_c9615_1202! 7A! 82.7! 8.08EM04! 0.31! 0.03! 0.008!
!
Excalibur_c20062_195! 7A! 121.4! 5.61EM04! 0.06! 0.03! 0.015!
!
Tdurum_contig42153_1190! 2B! 66.2! 3.03EM05! 0.43! 0.05! 0.011!
!
D_GBUVHFX02JKG4A_54! 2D! 22.5! 2.44EM04! 0.35! 0.04! 0.009!
KPS! wsnp_Ex_c23383_32628864! 6D! 82.1! 2.57EM05! 0.23! 0.05! 1.382!
PFS! Excalibur_c29255_404! 5A! 139.8! 3.72EM05! 0.06! 0.05! 0.022!
!
BS00103846_51! 7A! 139.9! 1.19EM04! 0.32! 0.04! 0.012!
!
RAC875_c5243_206! 1B! 43.9! 1.49EM04! 0.05! 0.04! 0.024!
!
Tdurum_contig42153_1190! 2B! 66.2! 2.40EM04! 0.43! 0.04! 0.012!
!
















SPS! wsnp_Ex_c5412_9564046! 2A! 78.0! 7.89EM04! 0.15! 0.03! 0.325!
!
BobWhite_c32226_104! 2A! 102.0! 4.87EM04! 0.08! 0.04! 0.490!
!
BS00065734_51! 3A! 148.0! 2.01EM04! 0.49! 0.04! 0.251!
!
RAC875_c42756_168! 4A! 49.0! 7.92EM04! 0.24! 0.03! 0.298!
!
Excalibur_c43822_370! 4A! 164.1! 1.49EM03! 0.40! 0.03! 0.234!
!
Kukri_c108256_381! 5A! 106.1! 1.51EM03! 0.09! 0.03! 0.377!
!
wsnp_Ku_rep_c110993_94857161! 7A! 133.5! 5.39EM04! 0.18! 0.04! 0.347!
!
wsnp_Ku_rep_c104159_90704469! 7A! 152.8! 1.67EM07! 0.26! 0.08! 0.444!
!
BS00012071_51! 2B! 106.6! 1.16EM03! 0.22! 0.03! 0.286!
!
Excalibur_c62990_114! 5B! 206.1! 1.10EM03! 0.16! 0.03! 0.307!
!
RAC875_c17182_600! 7B! 3.3! 1.08EM03! 0.41! 0.03! 0.222!
!
wsnp_Ex_c13629_21411429! 3D! 146.5! 1.02EM03! 0.38! 0.03! 0.265!

















BM! Gr12P! GENE.2847_1060! 1.71EL04! 0.13! 0.05! 7.311!
! !
TA004394.0527! 3.34EL04! 0.12! 0.04! 7.257!
DTB! Fo13F! GENE.4008_418! 7.68EL04! 0.11! 0.03! 0.563!
! !
GENE.4045_141! 2.05EL04! 0.33! 0.04! 0.463!
! !
wsnp_Ex_c18915_27811736! 5.89EL04! 0.43! 0.04! 0.374!
!
Gr12F! GENE.1125_32! 3.93EL04! 0.05! 0.03! 1.679!
DTF! Fo13R! BS00041922_51! 9.79EL05! 0.08! 0.05! 0.718!
! !
GENE.0609_166! 5.79EL04! 0.07! 0.04! 0.665!
! !
GENE.0675_104! 3.33EL04! 0.12! 0.04! 0.563!
! !
GENE.0675_161! 8.37EL04! 0.12! 0.04! 0.522!
! !
GENE.1125_32! 1.87EL05! 0.05! 0.06! 0.959!
! !
Kukri_c20939_226! 3.58EL04! 0.05! 0.04! 0.801!
! !
RAC875_c817_2282! 5.10EL04! 0.34! 0.04! 0.377!
! !
TA002269.1202! 8.24EL04! 0.12! 0.04! 0.523!
DTH! Gr12F! BobWhite_rep_c63363_160! 2.06EL04! 0.40! 0.04! 0.912!
! !
BS00012081_51! 2.51EL04! 0.34! 0.04! 0.859!
! !
GENE.1273_395! 7.40EL04! 0.19! 0.03! 0.820!
! !
Kukri_c25245_998! 3.84EL04! 0.41! 0.03! 0.880!
! !
Kukri_c29807_713! 2.06EL04! 0.40! 0.04! 0.912!
! !
RAC875_c15844_348! 7.13EL04! 0.35! 0.03! 0.780!
! !
RAC875_c31358_214! 3.05EL04! 0.35! 0.03! 0.839!
GF! Fo13R! GENE.2538_158! 1.04EL03! 0.36! 0.04! 0.410!
! !
GENE.4796_109! 1.11EL03! 0.16! 0.04! 0.497!
! !
GENE.4796_65! 1.36EL03! 0.17! 0.03! 0.483!
! !
GENE.4996_592! 1.55EL03! 0.12! 0.03! 0.541!
HI! Fo13F! BS00065253_51! 3.52EL04! 0.09! 0.04! 0.008!
! !
Tdurum_contig55699_246! 3.50EL04! 0.18! 0.04! 0.006!


















1A& 2A& 3A& 4A& 5A& 6A& 7A& 1B& 2B& 3B& 4B& 5B& 6B& 7B& 1D& 2D& 3D& 4D& 5D& 6D& 7D&
GY!! F! F! F! F! F! F! F! ! F! F! F! F! F! F! F! ! F! F! F! F! F! F! F!
SN! F! 1! F! F! F! F! F!
!
F! F! F! F! F! F! F!
!
F! F! F! F! F! F! 1!
KN! 1! 2! 1! F! F! 1! 2!
!
F! F! F! 1! F! 1! F!
!
F! F! F! F! 1! F! F!
KPS! F! 1! F! F! F! F! F!
!
F! F! F! F! F! F! F!
!
F! F! F! F! F! 1! F!
SPS! 1! 3! 1! 2! 1! F! 5!
!
F! 1! F! F! 1! F! 2!
!
F! F! 1! F! F! F! F!
PFS! F! F! F! 1! 5! F! 2!
!
1! 3! F! F! 2! 1! F!
!
F! F! F! F! F! F! F!
KW! F! F! F! F! F! F! F! ! F! F! F! F! F! F! F! ! F! F! F! F! F! F! F!
BM! F! F! 1! F! 1! 1! 1!
!
F! F! F! 2! 2! F! 1!
!
F! F! F! F! F! F! F!
GBM! F! F! F! F! F! F! F! ! F! F! F! F! F! F! F! ! F! F! F! F! F! F! F!
HI! 1! 1! F! 1! F! F! 2!
!
1! 3! 1! F! F! F! F!
!
F! 1! F! F! F! F! F!
PH! F! F! F! F! F! F! F!
!
F! 1! F! F! F! F! F!
!
F! F! F! F! F! F! F!
DTB! 3! F! 1! 1! 2! 1! 1!
!
2! 3! F! 2! 2! 1! 2!
!
F! F! F! F! F! F! 1!
DTH! F! 1! 1! F! F! F! 1!
!
F! 3! F! F! F! 1! 1!
!
F! F! F! F! 1! F! 1!
DTF! 1! F! 3! F! F! 2! F!
!
F! 2! F! 1! F! F! 1!
!
1! 1! 1! F! F! F! F!
DTM! F! F! F! F! F! F! F! ! F! F! F! F! F! F! F! ! F! F! F! F! F! F! F!
GF! 1! F! F! 1! F! 1! 1!
!
1! F! F! 1! 1! F! 1!
!
F! F! 1! 1! F! 1! F!
Total& 8& 9& 8& 6& 9& 6& 15&
&
5& 16& 1& 7& 8& 4& 8&
&

















PFS! wsnp_Ex_c3620_6612231! 5A! 15.9! 6.43EF05! 0.30! 0.04! 0.006!
!
Excalibur_c29255_404! 5A! 139.8! 1.19EF06! 0.06! 0.06! 0.013!
!
wsnp_Ku_c14251_22503965! 2D! 47.1! 5.93EF05! 0.09! 0.04! 0.009!
SPS! wsnp_Ku_rep_c104159_90704469! 7A! 152.8! 5.88EF08! 0.26! 0.09! 0.281!
!






















HI! RAC875_c19718_551! 4A! 64.1! 1.04EF03! 0.13! 0.03! 0.001!
!
Ex_c9615_1202! 7A! 82.7! 1.32EF04! 0.32! 0.04! 0.001!
!
Tdurum_contig29087_757! 1B! 136.0! 6.29EF05! 0.06! 0.04! 0.003!
!
Kukri_c22513_1780! 2B! 26.5! 6.23EF04! 0.19! 0.03! 0.001!
!
Ex_c12051_875! 2B! 69.8! 3.91EF04! 0.49! 0.03! 0.001!
!
Excalibur_c18966_804! 2B! 130.3! 1.17EF03! 0.33! 0.03! 0.001!
!
Tdurum_contig50954_1264! 3B! 51.1! 1.07EF03! 0.40! 0.03! 0.001!
!
Tdurum_contig50954_1095! 3B! 134.8! 7.47EF04! 0.40! 0.03! 0.001!
!
D_GBUVHFX02JKG4A_54! 2D! 22.5! 6.27EF04! 0.35! 0.03! 0.001!
!
GENE.1273_395! NA§! NA§! 2.16EF04! 0.19! 0.04! 0.001!
PFS! wsnp_Ex_c3620_6612231! 5A! 15.9! 8.68EF05! 0.30! 0.04! 0.006!
!
RAC875_rep_c106118_339! 5A! 39.0! 5.23EF04! 0.13! 0.03! 0.007!
!
Excalibur_c29255_404! 5A! 139.8! 1.26EF05! 0.06! 0.05! 0.012!
!
wsnp_Ex_c965_1845447! 6A! 99.4! 5.05EF04! 0.11! 0.03! 0.007!
!
Tdurum_contig42153_1190! 2B! 66.2! 3.42EF05! 0.44! 0.05! 0.007!
!
Tdurum_contig18858_324! 2B! 109.5! 4.18EF04! 0.27! 0.03! 0.006!
!
Tdurum_contig17697_771! 7B! 131.1! 4.45EF04! 0.22! 0.03! 0.006!
!
wsnp_Ku_c14251_22503965! 2D! 47.1! 9.33EF05! 0.09! 0.04! 0.009!
!
BS00012081_51! NA! NA! 1.32EF04! 0.35! 0.04! 0.006!
!
RAC875_c15844_348! NA! NA! 2.44EF04! 0.36! 0.04! 0.006!
!
















PH! BS00012081_51! NA! NA! 8.86EF05! 0.35! 0.04! 0.766!
!
RAC875_c15844_348! NA! NA! 4.83EF05! 0.36! 0.04! 0.781!
!
RAC875_c31358_214! NA! NA! 3.01EF05! 0.36! 0.04! 0.810!
SPS! wsnp_Ku_rep_c104159_90704469! 7A! 152.8! 1.60EF07! 0.25! 0.09! 0.305!
!
wsnp_Ex_c53843_56941644! NA! 1193.0! 1.30EF06! 0.24! 0.07! 0.285!
KW! RAC875_c21411_162! 1A! 105.7! 1.86EF04! 0.09! 0.05! 0.205!
!
Tdurum_contig46797_585! 2A! 81.5! 2.37EF04! 0.42! 0.05! 0.124!
!
Tdurum_contig29087_757! 1B! 136.0! 1.29EF04! 0.06! 0.05! 0.262!
!
wsnp_Ex_rep_c67926_66647362! 6B! 68.4! 2.72EF04! 0.09! 0.04! 0.215!
!
Ra_c2557_2531! 6B! 104.6! 3.57EF04! 0.13! 0.04! 0.164!
!
wsnp_Ex_rep_c67164_65655648! 5D! 67.5! 2.25EF05! 0.21! 0.06! 0.176!
!




















DTF! BobWhite_c37935_124! 1A! 74.8! 1.09EF03! 0.09! 0.03! 0.123!
!
wsnp_Ku_c8334_14181247! 3A! 87.4! 1.42EF03! 0.20! 0.03! 0.099!
!
CAP11_c3666_426! 7A! 211.7! 9.73EF05! 0.05! 0.04! 0.159!
!
Kukri_c22513_1780! 2B! 26.5! 4.95EF04! 0.19! 0.03! 0.088!
!
BobWhite_c2988_2161! 2B! 56.3! 2.71EF04! 0.15! 0.04! 0.104!
!
Tdurum_contig54925_202! 2B! 107.4! 2.07EF04! 0.06! 0.04! 0.168!
!
BS00048794_51! 4B! 74.6! 6.44EF04! 0.21! 0.03! 0.092!
!
wsnp_Ku_rep_c103690_90365429! 7B! 120.8! 6.48EF04! 0.27! 0.03! 0.076!
!
Ra_c11906_1441! 1D! 107.1! 1.16EF03! 0.36! 0.03! 0.078!
!
GENE.1125_32! NA§! NA§! 2.08EF04! 0.06! 0.04! 0.168!
!
GENE.1273_395! NA! NA! 4.35EF04! 0.19! 0.04! 0.089!
HI! Excalibur_c24511_1196! 4A! 74.5! 2.30EF04! 0.22! 0.04! 0.001!
!
Ex_c9615_1202! 7A! 82.7! 1.30EF04! 0.32! 0.04! 0.001!
!
wsnp_Ex_c6354_11053460! 7A! 178.4! 5.64EF04! 0.32! 0.03! 0.001!
!
Tdurum_contig29087_757! 1B! 136.0! 6.30EF05! 0.06! 0.04! 0.002!
!
Kukri_c22513_1780! 2B! 26.5! 6.31EF04! 0.19! 0.03! 0.001!
!
Tdurum_contig42153_1190! 2B! 66.2! 5.77EF04! 0.44! 0.03! 0.001!
!
Excalibur_c18966_804! 2B! 130.3! 1.18EF03! 0.33! 0.03! 0.001!
!
Tdurum_contig50954_1264! 3B! 51.1! 1.05EF03! 0.40! 0.03! 0.001!














HI! D_GBUVHFX02JKG4A_54! 2D! 22.5! 6.24EF04! 0.35! 0.03! 0.001!
! GENE.1273_395! NA! NA! 2.20EF04! 0.19! 0.04! 0.001!
KPS! BS00079440_51! 2D! 43.7! 3.14EF05! 0.19! 0.05! 0.308!
PFS! wsnp_Ex_c3620_6612231! 5A! 15.9! 8.66EF05! 0.30! 0.04! 0.006!
!
Excalibur_c29255_404! 5A! 139.8! 1.25EF05! 0.06! 0.05! 0.012!
!
wsnp_Ex_c965_1845447! 6A! 99.4! 5.03EF04! 0.11! 0.03! 0.008!
!
Tdurum_contig42153_1190! 2B! 66.2! 3.43EF05! 0.44! 0.05! 0.007!
!
Tdurum_contig18858_324! 2B! 109.5! 4.18EF04! 0.27! 0.03! 0.006!
!
Tdurum_contig17697_771! 7B! 131.1! 4.46EF04! 0.22! 0.03! 0.007!
!
wsnp_Ku_c14251_22503965! 2D! 47.1! 9.33EF05! 0.09! 0.04! 0.009!
!
BS00012081_51! NA! NA! 1.32EF04! 0.35! 0.04! 0.007!
!
RAC875_c15844_348! NA! NA! 2.45EF04! 0.36! 0.04! 0.006!
!
RAC875_c31358_214! NA! NA! 1.13EF04! 0.36! 0.04! 0.007!
SPS! wsnp_Ku_rep_c104159_90704469! 7A! 152.8! 1.61EF07! 0.25! 0.09! 0.287!
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DOY. N. WI. . NWII2.
.151! 659! 1.072!±!0.047! a! P0.908!±!0.018! d!
157! 330! 1.152!±!0.067! a! P0.062!±!0.025! abc!
160! 659! 1.145!±!0.047! a! P0.059!±!0.018! ab!
162! 330! 1.068!±!0.067! a! P0.018!±!0.025! ab!
170! 653! 1.271!±!0.048! a! P0.107!±!0.018! bc!
177! 328! 1.058!±!0.067! a! P0.002!±!0.025! a!
178! 330! 1.121!±!0.067! a! P0.043!±!0.025! ab!















.151! 329! P0.039!±!0.008! a! P0.020!±!0.009! a! P0.058!±!0.006! b!
160! 329! P0.077!±!0.008! c! P0.077!±!0.009! bc! P0.075!±!0.006! b!
162! 330! P0.033!±!0.008! a! P0.035!±!0.009! a! P0.026!±!0.006! a!
170! 330! P0.109!±!0.008! c! P0.113!±!0.009! c! P0.114!±!0.006! c!
178! 330! P0.056!±!0.008! ab! P0.057!±!0.009! ab! P0.054!±!0.006! b!















.151! 330! P0.030!±!0.001! a! P0.013!±!0.001! a! P0.046!±!0.001! b!
157! 330! P0.070!±!0.001! c! P0.067!±!0.001! d! P0.066!±!0.001! c!
160! 330! P0.058!±!0.001! b! P0.061!±!0.001! c! P0.050!±!0.001! b!
170! 323! P0.128!±!0.001! d! P0.132!±!0.001! e! P0.107!±!0.001! d!
















.V! 8! P0.931!±!0.165! bc!
B! 218! P0.987!±!0.032! c!
H! 412! P0.860!±!0.023! b!
A! 50! P0.261!±!0.066! a!
GF! 2185! P0.072!±!0.010! a!
GFPL! 699! P0.079!±!0.018! a!
















.B! 114! P0.038±0.014! ab! P0.019±0.017! a! P0.057±0.011! a!
H! 193! P0.040±0.010! a! P0.021±0.013! a! P0.059±0.008! a!
A! 46! P0.060±0.021! ab! P0.051±0.026! ab! P0.068±0.017! a!
GF! 1249! P0.074±0.004! b! P0.076±0.005! c! P0.072±0.003! a!

















.V! 8! P0.026±0.013! ab! P0.012±0.013! ab! P0.041±0.012! abcd!
B! 104! P0.029±0.004! a! P0.013±0.004! a! P0.044±0.003! c!
H! 219! P0.032±0.002! a! P0.016±0.002! a! P0.047±0.002! c!
A! 4! P0.045±0.018! abc! P0.022±0.018! ab! P0.066±0.017! bcd!
GF! 936! P0.082±0.001! c! P0.084±0.001! c! P0.073±0.001! d!
GFPL! 323! P0.043±0.002! b! P0.049±0.002! b! P0.028±0.002! b!













Model.term. WI. NWII1. NWII2. NWII3. NWII4.
DOY! 5.00!ns! 1.15***! 0.04!ns! 1.21***! 0.98***!
DEV! 0.82!ns! 0.07***! 36.51***! 0.09***! 0.09***!













Model.term. NWII1. NWII3. NWII4.
ENV! 0.02!ns! 0.02!ns! 0.01!ns!
DOY! 0.88***! 0.97***! 0.62***!
DEV! 0.03*! 0.07***! 0.02**!
ENV!*DOY! 0.02!ns! 0.05!ns! 0.00!ns!
ENV!*!DEV! 0.21***! 0.20***! 0.16***!
DOY!*!DEV! 0.00!ns! 0.01!ns! 0.00!ns!





























































































































































































































































AGATE! 1969! NE! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
AKRON! 1988! CO! Central! b! b! b! b! a! W! W! W! !>!2! w! N!
ALLIANCE! 1988! NE! Central! b! b! b! b! a! W! W! W! !>!2! w! N!
ANTON! 1998! NE! Central! b! b! b! b! a! W! W! W! !>!2! w! N!
ARAPAHOE! 1982! NE! Central! b! b! b! b! a! W! W! W! !>!2! w! N!
BENNETT! 1973! NE! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
BISON! 1946! KS! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
BUCKSKIN! 1968! NE! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
CAMELOT! 2001! NE! Central! b! b! b! b! a! W! W! W! !>!2! w! N!
CARSON! 1981! CO! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
CHENEY! 1973! KS! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
CHEYENNE! 1922! NE! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
CO03W054! 2003! CO! Central! b! b! b! b! a! W! W! W! 1! v! N!
CO04025! 2004! CO! Central! b! b! b! b! a! W! W! W! !>!2! w! N!
CO04393! 2004! CO! Central! b! b! b! b! a! W! W! W! !>!2! w! N!
CO04W320! 2004! CO! Central! b! b! b! b! a! W! W! W! 1! v! N!
CO07W245! 2007! CO! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
CO940610! 1994! CO! Central! b! b! b! b! a! W! W! W! !>!2! w! N!





























COMANCHE! 1934! KS! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
COUGAR! 1993! NE! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
DODGE! 1982! KS! Central! b! b! b! b! a! W! W! W! 1! v! N!
EAGLE! 1967! KS! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
GAGE! 1952! NE! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
GOODSTREAK! 1997! NE! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
HAIL! 1977! CO! Central! b! b! b! a! b! W! W! W! !>!2! w! N!
HALLAM! 1998! NE! Central! b! b! b! b! a! W! W! W! !>!2! w! N!
HOMESTEAD! 1968! NE! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
INFINITY_CL! 2001! NE! Central! b! b! b! b! a! W! W! W! !>!2! w! N!
JULES! 1986! CO! Central! b! b! b! a! b! W! W! W! !>!2! w! N!
KAW61! 1947! KS! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
KIOWA! 1943! KS! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
LANCER! 1957! NE! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
LARNED! 1970! KS! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
MCGILL! 2001! NE! Central! b! b! b! b! a! W! W! W! !>!2! w! N!
MILLENNIUM! 1994! NE! Central! b! b! b! a! a! W! W! W! 1! v! N!
NE02558! 2002! NE! Central! b! b! b! b! a! W! W! W! 1! v! N!
NE04490! 2004! NE! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
NE05496! 2005! NE! Central! b! b! b! b! a! W! W! W! !>!2! w! N!
NE05548! 2005! NE! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
NE06545! 2006! NE! Central! b! b! b! b! a! W! W! W! !>!2! w! N!
NE06607! 2006! NE! Central! b! b! b! b! a! W! W! W! !>!2! w! N!
NE99495! 1999! NE! Central! b! b! b! b! a! W! W! W! !>!2! w! N!
NEKOTA! 1988! NE! Central! b! b! b! b! a! W! W! W! !>!2! w! N!
NEWTON! 1973! KS! Central! b! b! b! b! a! W! W! W! 1! v! N!
NIOBRARA! 1989! NE! Central! b! b! b! a! a! W! W! W! !>!2! w! N!





























NW03666! 2003! NE! Central! b! b! b! b! a! W! W! W! !>!2! w! N!
OVERLAND! 2001! NE! Central! b! b! b! b! a! W! W! W! !>!2! w! N!
REDLAND! 1985! NE! Central! b! b! b! b! a! W! W! W! !>!2! w! N!
RIPPER! 2000! CO! Central! b! b! b! b! a! W! W! W! !>!2! w! N!
SAGE! 1970! KS! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
SCOUT66! 1956! NE! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
VISTA! 1987! NE! Central! b! b! b! b! a! W! W! W! !>!2! w! N!
WAHOO! 1994! NE! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
WARRIOR! 1948! NE! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
WESLEY! 1995! NE! Central! b! b! b! b! a! W! W! W! !>!2! w! N!
WICHITA! 1927! KS! Central! b! b! b! a! a! W! W! W! !>!2! w! N!
2145! 1997! KS! Central! b! b! a! b! a! W! W! W! !>!2! w! N!
ABOVE! 1998! CO! Central! b! b! a! b! a! W! W! W! 2! v! N!
ARLIN! 1992! KS! Central! b! b! a! b! a! W! W! W! !>!2! w! N!
CULVER! 1993! NE! Central! b! b! a! a! a! W! W! W! !>!2! w! N!
DENALI! 2005! CO! Central! b! b! a! a! b! W! W! W! !>!2! w! N!
KARL_92! 1983! KS! Central! b! b! a! b! a! W! W! W! !>!2! w! N!
LAKIN! 1996! KS! Central! b! b! a! b! a! W! W! W! !>!2! w! N!
NI06736! 2006! NE! Central! b! b! a! b! a! W! W! W! !>!2! w! N!
NI06737! 2006! NE! Central! b! b! a! b! a! W! W! W! !>!2! w! N!
ROBIDOUX! 2004! NE! Central! b! b! a! b! a! W! W! W! !>!2! w! N!
SIOUXLAND! 1986! NE! Central! b! b! a! a! a! W! W! W! !>!2! w! N!
YUMAR! 1994! CO! Central! b! b! a! b! a! W! W! W! 2! v! N!
BOND_CL! 2000! CO! Central! b! a! b! b! a! W! W! W! !>!2! w! N!
BYRD! 2006! CO! Central! b! a! b! a! a! W! W! W! !>!2! w! N!
CENTURA! 1977! NE! Central! b! a! b! a! a! W! W! W! !>!2! w! N!
CENTURK78! 1969! NE! Central! b! a! b! a! a! W! W! W! !>!2! w! N!





























CO050337E2! 2005! CO! Central! b! a! b! b! a! W! W! W! !>!2! w! N!
DANBY! 2002! KS! Central! b! a! b! b! a! W! W! W! !>!2! w! N!
DUKE! 1974! CO! Central! b! a! b! a! a! W! W! W! !>!2! w! N!
FULLER! 2000! KS! Central! b! a! b! b! a! W! W! W! !>!2! w! N!
HEYNE! 1985! KS! Central! b! a! b! b! a! W! W! W! 1! v! N!
JAGGER! 1984! KS! Central! b! a! b! b! a! W! W! W! 1! v! N!
KIRWIN! 1966! KS! Central! b! a! b! a! a! W! W! W! !>!2! w! N!
KS00F5E20E3! 2000! KS! Central! b! a! b! b! a! W! W! W! 1! v! N!
LAMAR! 1982! CO! Central! b! a! b! a! a! W! W! W! !>!2! w! N!
MACE! 2002! NE! Central! b! a! b! b! a! W! W! W! !>!2! w! N!
NI07703! 2007! NE! Central! b! a! b! b! a! W! W! W! !>!2! w! N!
OVERLEY! 1994! KS! Central! b! a! b! b! a! W! W! W! 1! v! N!
PARKER! 1953! KS! Central! b! a! b! b! a! W! W! W! 1! v! N!
PARKER76! 1974! KS! Central! b! a! b! a! a! W! W! W! !>!2! w! N!
PLATTE! 1989! CO! Central! b! a! b! b! a! W! W! W! !>!2! w! N!
PRAIRIE_RED! 1994! CO! Central! b! a! b! b! a! W! W! W! !>!2! w! N!
PRONGHORN! 1988! NE! Central! b! a! b! a! a! W! W! W! !>!2! w! N!
PROWERS! 1994! CO! Central! b! a! b! a! a! W! W! W! !>!2! w! N!
RONL! 2003! KS! Central! b! a! b! b! a! W! W! W! !>!2! w! N!
SETTLER_CL! 2003! NE! Central! b! a! b! b! a! W! W! W! !>!2! w! N!
SHAWNEE! 1960! KS! Central! b! a! b! a! a! W! W! W! !>!2! w! N!
STANTON! 1995! KS! Central! b! a! b! b! a! W! W! W! !>!2! w! N!
TAM107ER7! 1994! NE! Central! b! a! b! b! a! W! W! W! !>!2! w! N!
TRISON! 1965! KS! Central! b! a! b! a! a! W! W! W! !>!2! w! N!
WINDSTAR! 1990! NE! Central! b! a! b! b! a! W! W! W! 1! v! N!
BILL_BROWN! 2001! CO! Central! b! a! a! b! a! W! W! W! 2! v! N!
HALT! 1991! CO! Central! b! a! a! b! a! W! W! W! !>!2! w! N!





























NE05430! 2005! NE! Central! b! a! a! b! a! W! W! W! !>!2! w! N!
NI08707! 2008! NE! Central! b! a! a! b! a! W! W! W! !>!2! w! N!
NI08708! 2008! NE! Central! b! a! a! b! a! W! W! W! !>!2! w! N!
RAWHIDE! 1983! NE! Central! b! a! a! b! a! W! W! W! !>!2! w! N!
TREGO! 1995! KS! Central! b! a! a! b! a! W! W! W! !>!2! w! N!
VONA! 1972! CO! Central! b! a! a! b! a! W! W! W! !>!2! w! N!
YUMA! 1985! CO! Central! b! a! a! b! a! W! W! W! 2! v! N!
ANTELOPE! 1997! NE! Central! b! E! b! b! a! W! W! W! !>!2! w! N!
SANDY! 1961! CO! Central! b! E! b! E! a! W! W! W! !>!2! w! N!
THUNDER_CL! 2003! CO! Central! b! E! b! b! a! W! W! W! !>!2! w! N!
HARRY! 1997! NE! Central! E!! E! b! E! a! W! W! W! !>!2! w! N!
AVALANCHE! 1994! CO! Central! E! E! E! E! E! W! W! W! !>!2! w! E!
CO03W043! 2003! CO! Central! E! E! E! E! E! W! W! W! E! E! E!
CO04499! 2004! CO! Central! E! E! E! E! E! W! W! W! !>!2! w! E!
HATCHER! 1998! CO! Central! E! E! E! E! E! W! W! W! E! E! E!
NORKAN! 1982! KS! Central! E! E! E! E! E! W! W! W! !>!2! w! E!
BIG_SKY! 1994! MT! North! b! b! b! b! a! W! W! W! !>!2! w! N!
BRONZE! 1967! SD! North! b! b! b! a! a! W! W! W! !>!2! w! N!
CREST! 1966! MT! North! b! b! b! a! a! W! W! W! !>!2! w! N!
DARRELL! 1998! SD! North! b! b! b! b! a! W! W! W! !>!2! w! N!
DECADE! 2005! MT! North! b! b! b! b! a! W! W! W! !>!2! w! N!
GENOU! 2000! MT! North! b! b! b! a! a! W! W! W! !>!2! w! N!
GENT! 1971! SD! North! b! b! b! a! a! W! W! W! !>!2! w! N!
HARDING! 1992! SD! North! b! b! b! a! a! W! W! W! !>!2! w! N!
HUME! 1956! SD! North! b! b! b! a! a! W! W! W! !>!2! w! N!
JERRY! 1992! ND! North! b! b! b! b! a! W! W! W! !>!2! w! N!
JUDEE! 2007! MT! North! b! b! b! b! a! W! W! W! !>!2! w! N!





























MT0495! 2004! MT! North! b! b! b! b! a! W! W! W! !>!2! w! N!
MT06103! 2006! MT! North! b! b! b! b! a! W! W! W! !>!2! w! N!
MT85200! 1985! MT! North! b! b! b! a! a! W! W! W! !>!2! w! N!
MT9513! 1995! MT! North! b! b! b! a! a! W! W! W! !>!2! w! N!
MT9904! 1999! MT! North! b! b! b! a! a! W! W! W! !>!2! w! N!
MT9982! 1999! MT! North! b! b! b! b! a! W! W! W! !>!2! w! N!
MTS0531! 2005! MT! North! b! b! b! a! a! W! W! W! !>!2! w! N!
NELL! 1973! SD! North! b! b! b! a! a! W! W! W! !>!2! w! N!
NUSKY! 1994! MT! North! b! b! b! b! a! W! W! W! !>!2! w! N!
RITA! 1973! SD! North! b! b! b! b! a! W! W! W! !>!2! w! N!
ROSE! 1972! SD! North! b! b! b! a! a! W! W! W! !>!2! w! N!
ROSEBUD! 1974! MT! North! b! b! b! a! a! W! W! W! !>!2! w! N!
SD00111E9! 2000! SD! North! b! b! b! b! a! W! W! W! !>!2! w! N!
SD05118! 2005! SD! North! b! b! b! b! a! W! W! W! !>!2! w! N!
SD05210! 2005! SD! North! b! b! b! b! a! W! W! W! !>!2! w! N!
TANDEM! 1989! SD! North! b! b! b! a! a! W! W! W! !>!2! w! N!
YELLOWSTONE! 2000! MT! North! b! b! b! b! a! W! W! W! !>!2! w! N!
ALICE! 1997! SD! North! b! b! a! b! a! W! W! W! !>!2! w! N!
SD01058! 2001! SD! North! b! b! a! b! a! W! W! W! !>!2! w! N!
WENDY! 1997! SD! North! b! b! a! b! a! W! W! W! !>!2! w! N!
EXPEDITION! 1997! SD! North! b! a! b! b! a! W! W! W! !>!2! w! N!
NORRIS! 2003! MT! North! b! a! b! a! a! W! W! W! !>!2! w! N!
SD01237! 2001! SD! North! b! a! b! b! a! W! W! W! !>!2! w! N!
WINOKA! 1966! SD! North! b! a! b! a! b! W! W! W! !>!2! w! N!
DAWN! 1970! SD! North! b! a! a! a! a! W! W! W! !>!2! w! N!
CRIMSON! 1989! SD! North! b! E! b! a! a! W! W! W! !>!2! w! N!
SD05W018! 2005! SD! North! E!! E! b! E! a! W! W! W! !>!2! w! N!





























HONDO! 1995! E! Other! b! b! b! b! a! W! W! W! !>!2! w! N!
KHARKOF! 1900! E! Other! b! b! b! a! a! W! W! W! !>!2! w! N!
NUHORIZON! 1995! E! Other! b! b! b! b! a! W! W! W! !>!2! w! N!
SMOKYHILL! 1999! E! Other! b! b! b! b! a! W! W! W! !>!2! w! N!
TURKEY_NEBSEL! 1874! E! Other! b! b! b! a! a! W! W! W! !>!2! w! N!
BURCHETT! 1996! E! Other! b! b! a! b! a! W! W! W! !>!2! w! N!
COSSACK! 1987! E! Other! b! b! a! a! a! W! W! W! !>!2! w! N!
E2041! 2000! E! Other! b! b! a! a! b! W! W! W! !>!2! w! N!
ENHANCER! 1998! E! Other! b! b! a! b! a! W! W! W! !>!2! w! N!
HV9W03E1551WP! 2003! E! Other! b! b! a! b! a! W! W! W! !>!2! w! N!
HV9W03E1596R! 2003! E! Other! b! b! a! b! a! W! W! W! !>!2! w! N!
HV9W05E1280R! 2005! E! Other! b! b! a! a! a! W! W! W! !>!2! w! N!
KEOTA! 1998! E! Other! b! b! a! b! a! W! W! W! !>!2! w! N!
ONAGA! 1991! E! Other! b! b! a! b! a! W! W! W! !>!2! w! N!
W04E417! 2004! E! Other! b! b! a! a! b! W! W! W! !>!2! w! N!
WB411W! 1998! E! Other! b! b! a! b! a! W! W! W! 1! v! N!
CUTTER! 1997! E! Other! b! a! b! b! a! W! W! W! !>!2! w! N!
G1878! 1996! E! Other! b! a! b! b! a! W! W! W! !>!2! w! N!
HV9W06E504! 2006! E! Other! b! a! b! b! a! W! W! W! 1! v! N!
JAGALENE! 1998! E! Other! b! a! b! b! a! W! W! W! !>!2! w! N!
LONGHORN! 1988! E! Other! b! a! b! a! a! W! W! W! !>!2! w! N!
NEOSHO! 1996! E! Other! b! a! b! a! a! W! W! W! !>!2! w! N!
NUFRONTIER! 1994! E! Other! b! a! b! a! a! W! W! W! !>!2! w! N!
OGALLALA! 1989! E! Other! b! a! b! b! a! W! W! W! !>!2! w! N!
POSTROCK! 1995! E! Other! b! a! b! b! a! W! W! W! !>!2! w! N!
SANTA_FE! 2003! E! Other! b! a! b! b! a! W! W! W! 1! v! N!
SHOCKER! 1999! E! Other! b! a! b! b! a! W! W! W! 1! v! N!





























TARKIO! 1999! E! Other! b! a! b! b! a! W! W! W! !>!2! w! N!
THUNDERBOLT! 1995! E! Other! b! a! b! b! a! W! W! W! !>!2! w! N!
VENANGO! 2000! E! Other! b! a! b! b! a! W! W! W! !>!2! w! N!
DUMAS! 1995! E! Other! b! a! a! a! b! W! W! W! !>!2! w! N!
HV906E865! 2006! E! Other! b! a! a! b! a! W! W! W! !>!2! w! N!
HV9W03E1379R! 2003! E! Other! b! a! a! b! a! W! W! W! 1! v! N!
HGE9! <2000! E! Other! E! E! E! E! E! W! W! W! !>!2! w! E!
LOCKETT! 1991! TX! South!! b! b! b! b! a! W! W! W! !>!2! w! N!
OK07S117! 2007! OK! South!! b! b! b! b! a! W! W! W! !>!2! w! N!
OK10119! 2010! OK! South!! b! b! b! b! a! W! W! W! !>!2! w! N!
OK1067071! 2010! OK! South!! b! b! b! het! a! W! W! W! !>!2! w! N!
TAM105! 1969! TX! South!! b! b! b! b! a! W! W! W! !>!2! w! N!
TAM109! 1987! TX! South!! b! b! b! a! b! W! W! W! !>!2! w! N!
TAMWE101! 1965! TX! South!! b! b! b! a! b! W! W! W! !>!2! w! N!
TASCOSA! 1951! TX! South!! b! b! b! a! a! W! W! W! !>!2! w! N!
TX04V075080! 2004! TX! South!! b! b! b! b! a! W! W! W! !>!2! w! N!
TX06V7266! 2006! TX! South!! b! b! b! b! a! W! W! W! !>!2! w! N!
TAM302! 1991! TX! South!! a! b! b! a! het! W! W! W! !>!2! w! N!
2180! 1987! TX! South!! b! b! a! a! b! W! W! W! !>!2! w! N!
BILLINGS! 2003! OK! South!! b! b! a! b! a! W! W! W! !>!2! w! N!
CAPROCK! 1956! TX! South!! b! b! a! b! a! W! W! W! !>!2! w! N!
CHISHOLM! 1975! OK! South!! b! b! a! b! a! W! W! W! !>!2! w! N!
CUSTER! 1988! OK! South!! b! b! a! b! a! W! W! W! !>!2! w! N!
DELIVER! 1998! OK! South!! b! b! a! b! a! W! W! W! !>!2! w! N!
DUSTER! 1993! OK! South!! b! b! a! b! a! W! W! W! !>!2! w! N!
ENDURANCE! 1994! OK! South!! b! b! a! a! b! W! W! W! !>!2! w! N!
GALLAGHER! 2007! OK! South!! b! b! a! b! a! W! W! W! !>!2! w! N!





























MIT! 1971! TX! South!! b! b! a! b! a! W! W! W! 1! v! N!
OK02405! 2002! OK! South!! b! b! a! b! a! W! W! W! !>!2! w! N!
OK05312! 2005! OK! South!! b! b! a! b! a! W! W! W! !>!2! w! N!
OK05526! 2005! OK! South!! b! b! a! het! het! W! W! W! !>!2! w! N!
OK06114! 2006! OK! South!! b! b! a! b! a! W! W! W! !>!2! w! N!
OK06336! 2006! OK! South!! b! b! a! b! a! W! W! W! !>!2! w! N!
OK07231! 2007! OK! South!! b! b! a! b! a! W! W! W! !>!2! w! N!
OK08328! 2008! OK! South!! b! b! a! b! a! W! W! W! !>!2! w! N!
OK101! 1995! OK! South!! b! b! a! a! b! W! W! W! !>!2! w! N!
OK1067274! 2010! OK! South!! b! b! a! a! a! W! W! W! !>!2! w! N!
OK1068026! 2010! OK! South!! b! b! a! b! a! W! W! W! !>!2! w! N!
OK1070267! 2010! OK! South!! b! b! a! a! a! W! W! W! 1! v! N!
STURDY! 1956! TX! South!! b! b! a! b! a! W! W! W! !>!2! w! N!
STURDY_2K! 1956! TX! South!! b! b! a! b! a! W! W! W! 1! v! N!
TAM304! 2001! TX! South!! b! b! a! b! a! W! W! W! !>!2! w! N!
TX00V1131! 2000! TX! South!! b! b! a! b! a! W! W! W! !>!2! w! N!
TX03A0148! 2003! TX! South!! b! b! a! b! a! W! W! W! !>!2! w! N!
TX04A001246! 2004! TX! South!! b! b! a! b! a! W! W! W! !>!2! w! N!
TX06A001281! 2006! TX! South!! b! b! a! b! a! W! W! W! !>!2! w! N!
TX06A001386! 2006! TX! South!! b! b! a! b! a! W! W! W! !>!2! w! N!
TX96D1073! 1996! TX! South!! b! b! a! b! a! W! W! W! !>!2! w! N!
OK05303! 2005! OK! South!! a! b! a! a! b! W! W! W! !>!2! w! N!
CENTURY! 1981! OK! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
GUYMON! 2000! OK! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
OK_BULLET! 2000! OK! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
OK_RISING! 2006! OK! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
OK04505! 2004! OK! South!! b! a! b! b! a! W! W! W! 1! v! N!





























OK05108! 2005! OK! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
OK05122! 2005! OK! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
OK05204! 2005! OK! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
OK05711W! 2005! OK! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
OK05723W! 2005! OK! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
OK05830! 2005! OK! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
OK06210! 2006! OK! South!! b! a! b! b! a! W! W! W! 1! v! N!
OK09634! 2009! OK! South!! b! a! b! b! a! W! W! W! 1! v! N!
OK1068002! 2010! OK! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
OK1070275! 2010! OK! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
TAM110! 1988! TX! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
TAM111! 1995! TX! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
TAM112! 1998! TX! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
TAM200! 1981! TX! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
TAM202! 1986! TX! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
TAM203! 2001! TX! South!! b! a! b! b! a! W! W! W! 1! v! N!
TAM303! 1998! TX! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
TAM400! 1993! TX! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
TAM401! 2003! TX! South!! b! a! b! b! a! W! W! W! !>!2! w! A!
TRIUMPH64! 1938! OK! South!! b! a! b! a! a! W! W! W! !>!2! w! N!
TX01A5936! 2001! TX! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
TX01V5134RCE3! 2001! TX! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
TX02A0252! 2002! TX! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
TX03A0563! 2003! TX! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
TX04M410164! 2004! TX! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
TX05A001188! 2005! TX! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
TX05A001822! 2005! TX! South!! b! a! b! b! a! W! W! W! !>!2! v! A!





























TX06A001263! 2006! TX! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
TX07A001279! 2007! TX! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
TX07A001318! 2007! TX! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
TX07A001420! 2007! TX! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
TX86A5606! 1986! TX! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
TX86A6880! 1986! TX! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
TX86A8072! 1986! TX! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
TX99A0153E1! 1999! TX! South!! b! a! b! b! a! W! W! W! !>!2! w! N!
OK05134! 2005! OK! South!! a! a! b! het! a! W! W! W! !>!2! w! N!
TX04M410211! 2004! TX! South!! a! a! b! b! a! W! W! W! 1! v! N!
TX05V7269! 2005! TX! South!! a! a! b! b! a! W! W! W! !>!2! w! N!
TX06A001132! 2006! TX! South!! a! a! b! b! a! W! W! W! !>!2! w! N!
2174E05! 1997! OK! South!! b! a! a! b! a! W! W! W! !>!2! w! N!
CENTERFIELD! 2003! OK! South!! b! a! a! b! a! W! W! W! !>!2! w! N!
GARRISON! 2005! OK! South!! b! a! a! b! a! W! W! W! !>!2! w! N!
OK04111! 2004! OK! South!! b! a! a! b! a! W! W! W! !>!2! w! N!
OK04415! 2004! OK! South!! b! a! a! b! a! W! W! W! !>!2! w! N!
OK04525! 2004! OK! South!! b! a! a! a! b! W! W! W! !>!2! w! N!
OK05511! 2005! OK! South!! b! a! a! b! a! W! W! W! !>!2! w! N!
OK06318! 2006! OK! South!! b! a! a! b! a! W! W! W! !>!2! w! N!
OK06319! 2006! OK! South!! b! a! a! b! a! W! W! W! !>!2! w! N!
OK102! 1997! OK! South!! b! a! a! b! a! W! W! W! !>!2! w! N!
OK1068009! 2010! OK! South!! b! a! a! a! a! W! W! W! !>!2! w! N!
PETE! 2003! OK! South!! b! a! a! b! a! W! W! W! !>!2! w! N!
TX01M5009E28! 2001! TX! South!! b! a! a! b! a! W! W! W! 1! v! N!
TX99U8618! 1999! TX! South!! b! a! a! b! a! W! W! W! 1! v! N!
OK1068112! 2010! OK! South!! b! E! b! b! a! W! W! W! 1! v! N!





Locus* Allele(s)*assayed* Marker*ID* Primer*name* Primer*Sequence*










!! !! VrnEA1bEMarq_C1! TATCAGGTGGTTGGGTGAGGACGT!
!




!! !! VrnEA1_Exon4_R!! CCAGTTGCTGCAACTCCTTGAGATT!
!
vrnEA1!exon!7_G/A! vrnEA1exon7!! VrnEA1_Exon7_F1!! TGAGTTTGATCTTGCTGCGCCG!
! ! !
VrnEA1_Exon7_F2!! CTGAGTTTGATCTTGCTGCGCCA!
!! !! !! VrnEA1_Exon4_R!! CTTCCCCACAGCTCGTGGAGAA!












!! !! VrnEB1_B_C1! GCCATGAACAACAAAGGGGGTGGT!
!




!! !! VrnEB1_C!_C! GACCCCAGGGCCTATGAATGTAATT!
!
vrnEB1_intron1_A/C! TaVrnEB1_1752!! TaVrnB1_1752_AF2! GGAATGACCGCTGCTTAGTAAATATA!
! ! !
TaVrnB1_1752_CF1! GGAATGACCGCTGCTTAGTAAATATC!
!! !! !! TaVrnB1_1752_R! GATTTAGCACCTCAACATACAGGTCT!
!
! 223!
VrnED1! VrnED1a!! wMAS000039! VrnED1ED1a_A_ALC! ATCATTCGAATTGCTAGCTCCGC!
! ! !
VrnED1ED1a_A_ALG! ATCATTCGAATTGCTAGCTCCGG!
!! !! !! VrnED1ED1a_A_C! GCCTGAACGCCTAGCCTGTGTA!
PpdEA1! PpdEA1a.1!! PpdEA1prodel! PpdEA1prodel_AL2! GCGGCGAGCCGGTTAATCG!
! ! !
PpdEA1prodel_AL1! TTTCGGTGTTTGACTTCAGGCG!








!! !! TaPpdBJ001tF! GGGTTCGTCGGGAGCTGT!
!
PpdEB1a!Sonora64!
type!intercopy! TaPpdBJ003! TaPpdBJ003F! CGTGAAGAGCTAGCGATGAACA!
!! !! !! TaPpdBJ003R! TGGGCACGTTAACACACCTTT!
PpdED1!
PpdED1a!Ciano67!
promoter!deletion! wMAS000024! TaPpdDD001RI! CAAGGAAGTATGAGCAGCGGTT!
! ! !
TaPpdDD001RD! AAGAGGAAACATGTTGGGGTCC!
!! !! !! TaPpdDD001FL! GCCTCCCACTACACTGGGC!
RhtEB1! RhtEB1b!! wMAS000001! RhtB1_SNPEAL1! CCCATGGCCATCTCSAGCTG!
! ! !
RhtB1_SNPEAL2! CCCATGGCCATCTCSAGCTA!
!! !! !! RhtB1_SNPEC! TCGGGTACAAGGTGCGGGCG!
RhtED1!! RhtED1b!! wMAS000002! RhtD1_AL1! CATGGCCATCTCGAGCTRCTC!
! ! !
RhtD1_AL2! CATGGCCATCTCGAGCTRCTA!














* CNV*vrn$A1* * * vrn$B1( *
Environment* Int* CNV=1* CNV=2* Int* ‘Neuss’*allele*
Ar13R* 109.51* :4.67**** :5.53*** 106.81* 2.22***
Bu12R* 116.86* :2.30** :1.48!ns†* 114.43* 2.22***
Fo13* 149.76* :1.13**** :0.45!ns* 147.43* 2.22***
Gr12F* 136.93* :1.65*** :1.29!ns* 134.56* 2.22***
Gr12P* 134.41* :0.46**** :0.68!ns* 132.17* 2.22***
Ha13R* 140.97* :1.10**** :0.74!ns* 138.66* 2.22***
Ma12* 122.53* :1.47*** :3.54!ns* 120.14* 2.22***
It12R* 122.66* :2.91!ns* :3.19!ns* 120.14* 2.22***





* Ppd$A1( ( Ppd$B1( ( Ppd$D1( *
Environment* Int* ‘b’*allele* Int* ‘b’*allele* Int* ‘b’*allele*
Ar13R* 107.02* 1.97**** 105.95* 5.23**** 105.31* 5.23***!
Bu12R* 114.66* 1.97**** 114.23* 4.04** 113.15* 4.93!ns1!
Fo13* 147.70* 1.97**** 149.17* 0.77**** 148.94* 0.98***!
Gr12F* 134.81* 1.97**** 135.29* 2.50**** 134.65* 2.99***!
Gr12P* 132.41* 1.97**** 133.11* 2.07**** 132.77* 2.27***!
Ha13R* 138.93* 1.97**** 140.14* 1.23**** 139.96* 1.27***!
Ma12* 120.37* 1.97**** 119.93* 4.10!ns* 119.24* 4.39!ns!
It12R* 120.36* 1.97**** 119.50* 4.81!ns* 118.64* 5.24!ns!














Env* Int* Ppd$D1b( Ppd$B1b( PpdD1b*PpdB1b( R2(
Ar13R! 105.45! :0.20!ns†! 0.65!ns! 8.59***! 0.54!
Bu12R! 113.18! :0.05!ns! 1.35!ns! 6.65!ns! 0.55!
Fo13! 149.07! :0.19!ns! 0.13!ns! 1.53***! 0.12!
Gr12F! 134.68! :0.05!ns! 0.79!ns! 4.13***! 0.40!
Gr12P! 132.38! 0.57!ns! 0.94!ns! 2.52***! 0.26!
Ha13R! 139.79! 0.25!ns! 0.45!ns! 1.61***! 0.30!
Ma12! 119.18! 0.09!ns! 0.97!ns! 6.43*! 0.61!
It12R! 118.77! :0.20!ns! 0.94!ns! 7.99!ns! 0.27!






























Turkey!Nebsel! .! 1874! 1874! UNK! Turkey! 0.913! 1.275!
Kharkof! PI!5641! 1900! 1900! UNK! Kharkof! 0.737! 1.253!
Cheyenne! CItr!8885! 1922! 1933! UNL! Selection!from!Crimean! 0.866! 1.103!
Wichita! CItr!11952! 1927! 1944! KSU! Early!Blackhull/Tenmarq! 0.702! 1.002!
Comanche! CItr!11673! 1934! 1942! KSU! Oro/Tenmarq! 0.746! 1.142!





Kiowa! CItr!12133! 1943! 1950! KSU! Chiefkan//Oro/Tenmarq! 0.887! 1.150!
Bison! CItr!12518! 1946! 1956! KSU! Chiefkan//Oro/Tenmarq! 0.886! 1.294!





Warrior! CItr!13190! 1948! 1960! UNL! Pawnee/Cheyenne! 0.806! 1.180!

















Caprock! CItr!14516! 1956! 1969! TAM! Sinvalocho/Wichita//Hope/Chey
enne/3/Wichita/4/Seu!Seun27!
0.989! 0.973!
Sturdy! CItr!13684! 1956! 1966! TAM! Sinvalocho/Wichita//Hope/Chey
enne/3/2*Wichita/4/Seu!Seun27!
0.969! 0.868!
Sturdy!2K! PI!636307! 1956! 2005! TAM! Selection!from!Sturdy! 0.964! 0.876!
Scout!66! CItr!13996! 1956! 1967! UNL! Composite!of!85!selections!from!
Scout!
0.722! 1.299!




Shawnee! CItr!14157! 1960! 1967! KSU! Mediterranean/Hope//Pawnee/
3/Oro/IllinoisNo.1//Comanche!
0.737! 1.168!





Trison! CItr!17278! 1965! 1973! KSU! Triumph/Bison! 0.741! 0.803!
TAMWC101! CItr!15324! 1965! 1971! TAM! Norin10/3/Nebraska60//Medite
rranean/Hope/4/Bison!
0.961! 1.105!
Kirwin! CItr!17275! 1966! 1973! KSU! Parker*3/Bison! 0.808! 1.016!
Crest! CItr!13880! 1966! 1967! MTSU! Westmont*2/PI178383! 0.922! 1.356!
Winoka! CItr!14000! 1966! 1969! SDSU! Selection!from!Winalta! 0.972! 0.952!
Eagle! CItr!15068! 1967! 1970! KSU! Selection!from!Scout! 0.885! 1.172!






Buckskin! CItr!17263! 1968! 1973! UNL! Scout/3/Quivera/Tenmarq//Mar
quillo/Oro!
0.800! 1.085!




TAM!105! CItr!17826! 1969! 1979! TAM! Sturdy!composite!bulk!selection! 1.090! 1.197!




Centurk!78! CItr!17724! 1969! 1978! UNL! Selection!from!Centurk! 0.993! 0.989!





Larned! CItr!17650! 1970! 1976! KSU! Ottawa/5*Scout! 0.923! 1.143!
Sage! CItr!17277! 1970! 1973! KSU! Agent/4*Scout! 0.976! 1.250!
Gent! CItr!17293! 1971! 1974! SDSU! Agent/4*Scout! 0.895! 1.146!




























Cheney! CItr!17765! 1973! 1978! KSU! Scout/Tascosa! 0.819! 1.188!




Nell! CItr!17803! 1973! 1981! SDSU! Scout!selection/Capitan! 0.834! 1.273!





Bennett! CItr!17723! 1973! 1978! UNL! Scout/3/Quivira/Tenmarq//Mar
quillo/Oro/4/Homestead!
0.970! 1.293!





Parker!76! CItr!17685! 1974! 1976! KSU! Parker*5/Agent! 0.841! 0.930!
Rosebud! PI!473570! 1974! 1981! MTSU! Rego/Cheyenne,!Sel.!39C18C
7)//Winalta!
0.815! 1.269!
Chisholm! PI!486219! 1975! 1983! OSU! Sturdy!sib/Nicoma! 1.010! 0.877!






Centura! PI!476974! 1977! 1983! UNL! Warrior*5/Agent/NE68457/3/C
enturk78!
0.895! 1.077!
Colt! PI!476975! 1978! 1983! UNL! Agate!sib!(NE69441)//391C56C
D8/Kaw!
1.112! 1.208!
Judith! PI!584526! 1980! 1989! MTSU! Lancota/Froid//NE69559/Wino
ka!
0.850! 1.219!
TAM!107! PI!495594! 1980! 1984! TAM! TAM105*4/Amigo! 1.099! 0.902!
Carson! PI!501534! 1981! 1986! CSU! Anza/Scout//Centurk! 1.142! 1.046!
Century! PI!502912! 1981! 1986! OSU! Payne//TAMWC101/Amigo! 1.011! 0.812!
TAM!200! PI!578255! 1981! 1986! TAM! SturdyCsib/Tascosa//Centurk!
*3/3/Amigo!
0.991! 0.789!
Lamar! PI!559719! 1982! 1988! CSU! 74F878!(Mexican!
dwarf)/Wings//Vona!
0.877! 1.204!
Dodge! PI!506344! 1982! 1986! KSU! KS73H530!(Newton!
sib)/KS76HN1978C1!(Arkan!sib)!
0.905! 1.068!




Arapahoe! PI!518591! 1982! 1988! UNL! Brule/3/Parker*4/Agent//Beloc
erkovskaja!198/Lancer!
0.840! 1.196!
Karl!92! PI!564245! 1983! 1992! KSU! Atlass50//Park85/Agent! 0.954! 0.881!




Jagger! PI!593688! 1984! 1994! KSU! KS82W418/Stephens! 1.146! 0.900!
Yuma! PI!559720! 1985! 1992! CSU! NS14/NS25//2*Vona! 1.205! 0.824!
Heyne! PI!612577! 1985! 2001! KSU! KS82W422/SWM754308/KS831
182/KS82W422!
0.983! 0.839!
MT85200! .! 1985! .! MTSU! Froid/Winoka/3/TX55C391C56C
D8/Westmont//Trader!
1.013! 0.862!
Redland! PI!502907! 1985! 1986! UNL! Selection!from!Brule! 0.957! 1.201!





TAM!202! PI!561933! 1986! 1992! TAM! Siouxland!outcross! 1.372! 0.902!
TX86A5606! PI!587028! 1986! .! TAM! TAM105*4/Amigo*4//Largo! 1.057! 0.774!
TX86A6880! .! 1986! .! TAM! TAM105*4/Amigo*4//Largo! 1.034! 0.871!
TX86A8072! PI!587029! 1986! .! TAM! TAM105*4/Amigo*4//Largo! 1.044! 0.888!
Siouxland! PI!483469! 1986! 1984! UNL! Warrior*5/Agent//Kavkaz/3/Wa
rrior*5/Agent!
0.957! 0.888!
Cossack! PI!606780! 1987! 1998! GSR! BCD1828/83! 0.928! 0.859!
2180! PI!532912! 1987! 1989! OSU! TAMWC101/Pioneer!
W603//Pioneer!W558!
1.138! 0.782!
TAM!109! PI!554606! 1987! 1991! TAM! TAMWC101*5/CI9321! 1.006! 1.110!








Longhorn! PI!552813! 1988! 1991! AB! NS2630C1/Thunderbird! 1.000! 1.003!
Akron! PI!584504! 1988! 1994! CSU! TAM107/Hail! 0.869! 1.233!
Custer! .! 1988! 1994! OSU! FC29C76/TAM105//Chisholm! 1.107! 0.931!
TAM!110! PI!595757! 1988! 1996! TAM! TAM107*5/Largo! 1.145! 0.794!
Alliance! PI!573096! 1988! 1993! UNL! Arkan/Colt//Chisholm!sib.! 0.993! 1.259!
Nekota! PI!584997! 1988! 1994! UNL! Bennett/TAM107! 0.907! 1.158!
Pronghorn! PI!593047! 1988! 1996! UNL! Centura/Dawn//Colt!sib! 0.912! 0.941!
Ogallala! PI!573037! 1989! 1993! AB! TX81V6187/Abilene! 1.169! 1.033!
Platte! PI!596297! 1989! 1997! AB! Tesia79/Chat'S'//Abilene! 1.155! 0.969!
Crimson! PI!601818! 1989! 1997! SDSU! TAM105/Winoka! 0.872! 1.299!
Tandem! PI!601817! 1989! 1997! SDSU! Brule/Agate! 0.846! 1.107!
Niobrara! PI!584996! 1989! 1994! UNL! TAM105*5/Amigo/Brule! 0.961! 1.179!






Halt! PI!584505! 1991! 1994! CSU! Sumner/CO820026//PI372129/
3/TAM107!
1.266! 0.903!
Lockett! PI!604245! 1991! 2001! TAM! TX86V1540/TX78V2430C4! 0.910! 1.178!
TAM!302! PI!605910! 1991! 1998! TAM! Probrand812/Caldwell//TX86D1
310!(TAM300!sib)!
1.072! 0.874!
Onaga! .! 1991! 1998! WB! HT43C231C19!(Pioneer!bulk)! 1.138! 0.932!





Jerry! PI!632433! 1992! 2001! NDSU! Roughrider//Winoka/NB66425/
3/Arapahoe!
0.961! 1.300!
Harding! PI!608049! 1992! 1999! SDSU! Brule//Bennett/Chisholm/3/Ara
pahoe!
0.976! 1.124!
Duster! PI!644016! 1993! 2006! OSU! W0405D/NE78488//W7469C/T
X81V6187!
1.064! 0.765!
TAM!400! PI!614876! 1993! 2001! TAM! TAM200//(TX82D5668)!
Era/TAMWC101!
1.041! 0.890!






Culver! PI!606726! 1993! 1999! UNL! NE82419/Arapahoe! 0.987! 1.248!
Nufrontier! PI!619089! 1994! 2002! AB! 2180/HBZ356A//Mesa! 1.005! 1.110!









Prairie!Red! PI!605390! 1994! 2000! CSU! CO850034/PI372129//5*TAM!
107!
0.991! 0.914!





1994! .! CSU! CO850034/PI372129//5*TAM10
7!
0.975! 0.833!
Yumar! PI!605388! 1994! 2000! CSU! Yuma/PI372129,F1//CO850034/
3/4*Yuma!
1.161! 0.809!
Overley! PI!634974! 1994! 2004! KSU! TAM107*3/TA2460//Heyne!
'S'/3/Jagger!
1.015! 0.816!
Big!Sky! PI!619166! 1994! 2001! MTSU! NuWest/Tiber! 0.844! 1.153!
Nusky! PI!619167! 1994! 2001! MTSU! NuWest/Tiber! 0.790! 1.409!
Endurance! PI!639233! 1994! 2004! OSU! HBY756A/Siouxland//2180! 1.128! 0.796!
Millennium! PI!613099! 1994! 2000! UNL! Arapahoe/Abilene//NE86488! 0.931! 1.284!




Wahoo! PI!619098! 1994! 2000! UNL! Arapahoe*2/Abilene! 0.710! 1.256!
Spartan! .! 1994! 2007! WB! RL8400193/PL2180! 1.105! 0.917!
Dumas! PI!619199! 1995! 2001! AB! WI90C425/WI89C483! 1.157! 0.978!
Hondo! PI!603958! 1995! 1999! AB! WI88C028/WI89C339! 1.118! 1.197!
Nuhorizon! PI!619198! 1995! 2001! AB! WI89C282/Arlin! 1.265! 1.099!
Postrock! PI!643093! 1995! 2006! AB! Ogallala/KSU94U261//Jagger! 1.115! 1.032!
Thunderbolt! PI!608000! 1995! 2000! AB! Abilene/KS90WGRC10! 1.057! 1.036!
Stanton! PI!617033! 1995! 2002! KSU! PI220350/KS87H57//TAM200/
KS87H66/3/KS87H325!
1.032! 0.922!





MT9513! .! 1995! .! MTSU! NuWest/MT8030! 0.790! 1.241!
OK101! PI!631493! 1995! 2001! OSU! OK87W663/Mesa//2180! 1.231! 0.977!








Wesley! PI!605742! 1995! 1998! UNL! KS831936C3//Colt/Cody! 1.011! 1.094!
Burchett! PI!633863! 1996! 2004! AB! W91C126/WI88C052C05! 0.975! 0.906!
G1878! PI!591622! 1996! 1995! GSR! Hawk//Sturdy/Plainsman!V! 0.951! 0.903!
Lakin! PI!617032! 1996! 2002! KSU! KS89H130/Arlin! 1.103! 0.853!
Neosho! PI!639739! 1996! 2006! MTSU! W91C376C20/W95C084! 1.119! 0.918!
TX96D1073! .! 1996! .! TAM! TX86D1310/Kavkaz//TX86D130
8!
0.975! 0.952!
Cutter! PI!631389! 1997! 2002! AB! Jagger/WI89C189C14! 1.035! 0.977!
2145! PI!631087! 1997! 2002! KSU! HBA142A/HBZ621A//Abilene! 1.154! 0.796!
2174C05! PI!602595! 1997! 1998! OSU! IL71C5662/PL145!(Newton!
sib)//2165!
1.073! 0.931!
OK102! PI!632635! 1997! 2002! OSU! 2174/Cimarron! 1.038! 0.944!
Alice! PI!644223! 1997! 2006! SDSU! Abilene/Karl! 1.036! 0.842!
Expedition! PI!629060! 1997! 2002! SDSU! Tomahawk/Bennett! 1.062! 0.945!
Wendy! PI!638521! 1997! 2004! SDSU! SD89333/Abilene! 1.118! 0.900!
Antelope! PI!633910! 1997! 2005! UNL! Pronghorn/Arlin! 0.820! 1.141!










Jagalene! PI!631376! 1998! 2002! AB! Jagger/Abilene! 1.086! 0.935!
Above! PI!631449! 1998! 2001! CSU! TAM110*4/FS2! 1.129! 0.874!
Hatcher! PI!638512! 1998! 2004! CSU! Yuma/PI372129//TAM200/3/4*
Yuma/4/KS91H184/Vista!
1.085! 0.799!
Enhancer! PI!606779! 1998! 1998! GSR! HT43HC331C9!(Nebraska!
winterhardy!selection)!
1.220! 0.880!
Bakers!White! PI!633865! 1998! 2004! MTSU! Ponderosa/Jagger! 1.017! 1.107!
Deliver! PI!639232! 1998! 2004! OSU! Yantar/Chisholm*2//Karl! 1.008! 0.788!
!
! 235!
Intrada! PI!631402! 1998! 2000! OSU! RioBlanco/TAM200! 1.035! 0.986!
Darrell! PI!644224! 1998! 2006! SDSU! 2076CW12C11/Karl92! 1.146! 1.277!
TAM!112! PI!643143! 1998! 2007! TAM! TAM200/TA2460//!
TAM107*5/Largo!
1.117! 0.964!
TAM!303! .! 1998! 2006! TAM! TX89D1253*2/TTCC404!
(=WX93D208C9C1C2)!
1.009! 0.850!
Anton! PI!651044! 1998! 2007! UNL! Brevor/CI15923//Nugaines/4/P
I!559717/3/Platte!
1.177! 1.194!
Hallam! PI!638790! 1998! 2006! UNL! Brule/Bennett//Niobrara! 1.042! 1.238!
Keota! PI!648007! 1998! 2007! WB! Custer/Jagger! 1.006! 0.847!
WB411W! .! 1998! .! WB! G3006/Arlin! 0.949! 0.934!
MT9904! .! 1999! .! MTSU! MT85200/Tiber! 0.975! 1.230!
MT9982! .! 1999! .! MTSU! Promontory/Judith! 1.116! 1.360!
TX99A0153C1! .! 1999! .! TAM! Ogallala/TAM202! 1.078! 0.933!
TX99U8618! .! 1999! .! TAM! TX84V1237/TX71C8130R! 1.102! 0.859!
NE99495! .! 1999! .! UNL! Alliance/Karl!92! 1.048! 1.163!
Shocker! PI!646185! 1999! 2006! WB! Freedom/Tomahawk/Jagger! 1.123! 0.899!





Tarkio! .! 1999! 2006! WB! OK90604/KS6397//Snowwhite! 0.998! 0.905!
HGC9! PI!614118! <2000! 2000! HGS! TAM200!outcross!selection! 0.828! 0.830!
Bond!CL! PI!639924! 2000! 2004! CSU! Yumar//TXGH12588C120*4/FS2! 1.218! 0.964!




Fuller! PI!653521! 2000! 2007! KSU! Selected!from!a!population!with!
an!unknown!pedigree.!
1.030! 0.900!
KS00F5C20C3! .! 2000! .! KSU! Unknown! 1.021! 0.907!
!
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Genou! PI!640424! 2000! 2004! MTSU! Lew/Tiber//Redwin/3/Vanguar
d/Norstar!
0.786! 1.188!






Guymon! PI!643133! 2000! 2005! OSU! Intrada/Platte! 0.893! 1.065!
OK!Bullet! PI!642415! 2000! 2005! OSU! KS96WGRC39/Jagger! 0.975! 0.927!
Lyman! PI!658067! 2000! 2009! SDSU! KS93U134/Arapahoe! 1.054! 1.217!
TX00V1131! .! 2000! .! TAM! TX87V1613/KS91WGRC11! 1.093! 0.861!
Venango! .! 2000! 2000! WB! HBE1066C105/HBF0551C131! 0.968! 1.007!
Bill!Brown! PI!653260! 2001! 2007! CSU! Yumar/Arlin! 1.158! 0.855!
SD01058! .! 2001! .! SDSU! XH1877/NE967430! 0.831! 0.881!
SD01237! .! 2001! .! SDSU! Unknown! 1.066! 0.814!
TAM!203! PI!655960! 2001! 2009! TAM! TX89V4132/704!L!IC2221! 0.919! 0.878!
TAM!304! PI!655234! 2001! 2009! TAM! TX92U3060/TX91D6564! 1.091! 0.886!










.! 2001! .! TAM!
TAM200/Jagger!
0.924! 0.869!













Overland! PI!647959! 2001! 2007! UNL! Millennium!sib//Seward/Archer! 0.943! 1.225!
Danby! PI!648010! 2002! 2007! KSU! Trego/KS84063C9C39C3C8W! 1.074! 0.841!
OK02405! .! 2002! .! OSU! Tonkawa/GK50! 0.862! 0.813!
TAM!113! PI!666125! 2002! 2013! TAM! Unknown! 1.123! 0.962!





NE02558! .! 2002! .! UNL! Jagger/Alliance! 0.903! 1.306!
CO03064! .! 2003! .! CSU! CO970547/Prowers99! 1.091! 1.001!
CO03W043! .! 2003! .! CSU! KS96HW94/CO980352! 0.816! 1.268!
CO03W054! PI!658597! 2003! .! CSU! KS96HW94//Trego/CO960293! 0.828! 1.287!
Thunder!CL! PI!655528! 2003! 2008! CSU! KS01C5539/CO99W165! 1.033! 1.131!
RonL! PI!648020! 2003! 2007! KSU! Trego/CO960293! 0.956! 0.845!
Norris! PI!643430! 2003! 2005! MTSU! BigSky//TXGH12588C26*4/FS2! 1.033! 0.756!
Billings! PI!656843! 2003! 2009! OSU! N566/OK94P597! 1.147! 0.792!
Centerfield! PI!644017! 2003! 2006! OSU! TXGH12588C105*4/FS4//2*2174! 1.087! 0.931!
Pete! PI!656844! 2003! 2009! OSU! N40/OK94P455! 0.881! 0.896!
TAM!401! PI!658500! 2003! 2010! TAM! Mason/Jagger! 0.933! 0.709!
TX03A0148! .! 2003! .! TAM! TX89A7137/Tipacna! 0.959! 0.691!
TX03A0563! .! 2003! .! TAM! X96V107/Ogallala! 1.062! 1.043!
NW03666! .! 2003! .! UNL! N94S097KS/NE93459! 1.011! 1.088!

















.! 2003! .! WB!
B1397C1/WGRC33!
1.178! 0.867!
Santa!Fe! PI!641772! 2003! 2006! WB! Hawk//Sturdy/Plainsman!
V/3/Jagger!
1.152! 0.946!
W04C417! .! 2004! .! AB! Bulk!population! 1.135! 0.915!
CO04025! .! 2004! .! CSU! CO940610/CO960293//CO99W1
89!
1.000! 1.204!
CO04393! .! 2004! .! CSU! Stanton/CO950043! 1.081! 1.137!
CO04499! .! 2004! .! CSU! Above/Stanton! 1.178! 0.851!
CO04W320! .! 2004! .! CSU! CO950635/CO99W1126! 0.848! 1.290!
MT0495! .! 2004! .! MTSU! MT9640/NB1133! 0.887! 1.257!
OK04111! .! 2004! .! OSU! 2174*2/Jagger! 1.067! 0.918!
OK04415! .! 2004! .! OSU! N563/OK98G508W! 1.058! 0.975!
OK04505! .! 2004! .! OSU! OK91724/2*Jagger! 0.975! 0.885!
OK04507! .! 2004! .! OSU! OK95593/Jagger//2174! 1.097! 0.879!
OK04525! .! 2004! .! OSU! FFR525W/Hickok//Coronado! 0.990! 0.798!
TX04A001246! .! 2004! .! TAM! TX95V4339/TX94VT938C6! 1.047! 0.878!
TX04M410164! .! 2004! .! TAM! Mit/TX93V5722//W95C301! 0.995! 0.866!
TX04M410211! .! 2004! .! TAM! Mason/Jagger//Ogallala! 0.944! 0.845!
TX04V075080! .! 2004! .! TAM! Jagger/TX93V5722//TX95D8905! 0.958! 1.142!




Robidoux! PI!659690! 2004! 2010! UNL! OdesskayaP/Cody//Pavon76/3*S
cout66/3/WahooCsib!
0.966! 0.903!
CO050337C2! .! 2005! .! CSU! CO980829/TAM111! 1.146! 0.745!
Denali! PI!664256! 2006! 2011! CSU! CO980829/TAM111! 1.061! 1.017!
!
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MTS0531! .! 2005! .! MTSU! L'Govskaya167/Rampart//MT94
09!
0.915! 1.223!
Garrison! PI!661992! 2005! 2011! OSU! OK95616C1/Hickok//Betty! 1.045! 0.934!
OK05108! .! 2005! .! OSU! Lut13686/2174//Jagger! 0.935! 0.936!
OK05122! .! 2005! .! OSU! KS94U337/NE93427! 1.075! 0.908!
OK05134! .! 2005! .! OSU! OK97411/TX91D6825! 0.942! 0.956!
OK05204! .! 2005! .! OSU! SWM866442/OK95548! 1.039! 0.814!
OK05303! .! 2005! .! OSU! OK95548/TXHBG0358! 1.168! 0.861!
OK05312! .! 2005! .! OSU! TX93V5919/WGRC40//OK94P54
9/WGRC34!
1.044! 0.903!
OK05511! .! 2005! .! OSU! TAM110/2174! 1.109! 0.806!
Ruby!Lee! PI!661991! 2005! 2011! OSU! KS94U275/OK94P549! 1.060! 0.940!
OK05711W! PI!661991! 2005! .! OSU! G1878/OK98G508W! 1.068! 0.933!
OK05723W! .! 2005! .! OSU! SWM866442/Betty! 1.101! 0.806!
OK05830! .! 2005! .! OSU! OK93617/Jagger! 0.923! 0.832!
Ideal! .! 2005! .! SDSU! Wesley/NE93613! 1.192! 1.251!
SD05210! .! 2005! .! SDSU! SD98444/SD97060! 1.066! 1.238!
SD05W018! .! 2005! .! SDSU! SD98W302/SD98W175! 0.948! 1.304!




TX05A001822! .! 2005! .! TAM! 2145/X940786C6C7! 1.180! 0.912!
!
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TX05V7269! .! 2005! .! TAM! HBG0358/4/TAM107//TX78V36
20/Centurk78/3/TX87V1233!
1.108! 0.807!
NE05430! .! 2005! .! UNL! IN92823A1C1C4C5/NE92458! 1.058! 0.872!
NE05496! .! 2005! .! UNL! Trego/Hallam! 0.978! 1.158!
Panhandle! .! 2005! 2014! UNL! NE97426! 0.919! 1.231!
HV9W05C
1280R!
.! 2005! .! WB!
Spartanka/G980761!
1.095! 0.784!
Byrd! PI!664257! 2006! 2011! CSU! TAM112/CO970547C7! 1.104! 0.936!
MT06103! .! 2006! .! MTSU! MT9409/W94C137! 1.075! 1.312!
OK!Rising! PI!656382! 2006! 2009! OSU! KS96WGRC39/Jagger! 1.016! 0.905!










OK06318! .! 2006! .! OSU! HBG0358/2174//2145! 0.909! 0.815!
OK06319! .! 2006! .! OSU! Enhancer/2174! 0.941! 0.891!
OK06336! .! 2006! .! OSU! Magvars/2174//Enhancer! 1.051! 0.818!
TAM!204! .! 2006! 2014! TAM! TX99U8617/TX97U2001! 0.873! 0.848!
TAM!305! .! 2006! 2014! TAM! Unknown! 1.060! 0.912!
TX06A001132! .! 2006! .! TAM! HBG0358/4/TAM107//TX78V36
20/Centurk78/3/TX87V1233!
1.124! 0.785!
TX06A001281! .! 2006! .! TAM! TX98VR8422/U3704AC7C7! 0.959! 0.798!
TX06A001386! .! 2006! .! TAM! TX99A6030/Custer! 1.068! 0.918!



















HV906C865! .! 2006! .! WB! G980039/Onaga! 1.116! 0.890!
HV9W06C504! .! 2006! .! WB! G982231/G982159//KS920709
W!
1.186! 0.697!
Antero! PI!667743! 2007! 2013! CSU! KS01HW152C1/TAM111! 1.039! 0.975!
Judee! PI!665227! 2007! 2011! MTSU! Vanguard/Norstar//Judith/3/Nu
Horizon!
0.918! 1.382!
Gallagher! .! 2007! 2013! OSU! OKC99711/Duster! 1.074! 0.908!
OK07231! .! 2007! .! OSU! OK92P577C(RMH!
3099)/OK93P656C(RMH!3299)!
1.040! 0.786!
OK07S117! .! 2007! .! OSU! Altar84/AE.SQ//Opata/3/OK98G
508W!
1.034! 1.219!
TX07A001279! .! 2007! .! TAM! X930332C4C1/TX97V2838! 1.139! 0.804!
TX07A001318! .! 2007! .! TAM! TX98VR8431/TX95A3091! 0.911! 1.017!
TX07A001420! .! 2007! .! TAM! U1254C1C5C2C
1/TX81V6582//Desconocido!
1.027! 0.913!



















OK09634! .! 2009! .! OSU! OK95616C98C6756/Overley! 1.026! 0.978!
OK10119! .! 2010! .! OSU! JEI110/Overley! 0.884! 1.104!
OK1067071! .! 2010! .! OSU! TX98V9437/OK00316//Farmec! 0.964! 0.679!
OK1067274! .! 2010! .! OSU! GA961912C8C4C
5/OK02129//KristiCK.K!
0.998! 0.876!
OK1068002! .! 2010! .! OSU! Efect/Jagalene//Deliver! 0.925! 0.948!
OK1068009! .! 2010! .! OSU! Lada/Jagalene//G980122! 1.004! 0.768!
OK1068026! .! 2010! .! OSU! ERYTHROSPERMUM270/TAM11
1//OK99212!
1.027! 0.782!
OK1068112! .! 2010! .! OSU! Farmec/Jagalene! 1.080! 0.808!
OK1070267! .! 2010! .! OSU! VI.9/Guymon//G980411W! 0.825! 0.838!



















Ar13R! 2! 1! 0.96! 0.70!
Ma12F! 2! 1! 0.72! 0.35!
Ma12R! 2! 1! 0.74! 0.20!
Me12R! 4! 6! 0.88! 0.44!












Jan* Feb* Mar* Apr* May* June* July* To*H*
P+I* *
Total*
*P* P* P* I* P* I* P* I* P* I* P* I* P* I* P+I*
! HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHmmHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH!
Bu12R! 2.3!! 2.6!! 34!! HH! 16.2!! HH! 29!! HH! 33.1!! HH! .! .! 54.1! 117.2! HH! 117.2!
Gr12P!! 0.3!! 10.7!! 0.5!! 25.4! 23.1!! 12.7! 28.2!! 50.8! 19.3!! 12.7! .! .! 106.7! 82.1! 101.6! 183.7!
Gr12F! 0.3!! 10.7!! 0.5!! 25.4! 23.1!! 50.8! 28.2!! 144.8! 19.3!! 114.3! .! .! 199.4! 82.1! 335.3! 417.4!
It12R! 0!! 26.9!! 19.3!! HH! 71.1!! HH! 87.4!! HH! 100.8!! HH! .! .! 118.4! 305.5! HH! 305.5!
Ma12R! 0.8!! 47.5!! 55.1!! HH! 63.8!! HH! 34!! 25.4! 97.8!! HH! .! .! 167.1! 299.0! 25.4! 324.4!
Ma12F! 0.8!! 47.5!! 55.1!! HH! 63.8!! HH! 34!! 114.3! 97.8!! HH! .! .! 167.1! 299.0! 114.3! 413.3!
Ar13R! 41.1!! 62.2!! 36.6!! HH! 49.8!! HH! 212.6!! HH! 141!! HH! 93.7!! HH! 188.2! 637.0! HH! 637.0!
Fo13R!! 0.3!! 2.0!! 5.3!! HH! 30.2!! HH! 35.8!! HH! 11.9!! HH! 38.9!! HH! 73.7! 124.4! HH! 124.4!
Fo13F! 0.3!! 2!! 5.3!! HH! 30.2!! HH! 35.8!! 63.5! 11.9!! 146.1! 38.9!! 12.7! 137.2! 124.4! 222.3! 346.7!
Ha13R! 19.3!! 30.2!! 19.8!! HH! 26.9!! HH! 54.9!! HH! 69.3!! HH! 179.8!! HH! 133.1! 400.2! HH! 400.2!








** Ar13R* Bu12R* Fo13R* Fo13F* Gr12P* Gr12F* Ha13R* Ma12R* Ma12F* It12R* It13R*
Ar13R*
!
0.75***! 0.48***! 0.44***! 0.70***! 0.68***! 0.59***! 0.70***! 0.66***! 0.77***! 0.72***!
Bu12R* 0.14*!
!
0.63***! 0.60***! 0.69***! 0.86***! 0.78***! 0.83***! 0.81***! 0.90***! 0.75***!
Fo13R* 0.16**! 0.36***!
!
0.63***! 0.50***! 0.62***! 0.64***! 0.47***! 0.44***! 0.58***! 0.64***!
Fo13F* 0.11!ns†! 0.16**! 0.27***!
!
0.41***! 0.63***! 0.60***! 0.48***! 0.40***! 0.53***! 0.57***!
Gr12P* 0.09!ns! 0.41***! 0.17**! 0.11!ns!
!
0.62***! 0.52***! 0.63***! 0.64***! 0.73***! 0.79***!
Gr12F* 0.10!ns! 0.67***! 0.34***! 0.16**! 0.48***!
!
0.78***! 0.78***! 0.75***! 0.84***! 0.79***!
Ha13R* 0.20***! 0.40***! 0.31***! 0.09!ns! 0.39***! 0.55***!
!
0.67***! 0.64***! 0.75***! 0.67***!
Ma12R* 0.09!ns! 0.47***! 0.25***! 0.11!ns! 0.26***! 0.46***! 0.27***!
!
0.86***! 0.90***! 0.64***!
Ma12F* 0.06!ns! 0.40***! 0.17**! 0.00!ns! 0.18**! 0.39***! 0.25***! 0.48***!
!
0.89***! 0.64***!
It12R* 0.33***! 0.24***! 0.15**! 0.28***! 0.12*! 0.35***! 0.28***! 0.26***! 0.19***!
!
0.79***!
It13R* 0.06!ns! 0.56***! 0.31***! 0.20!***! 0.08!ns! 0.67***! 0.44***! 0.43***! 0.33***! 0.41**!
!*,!**,!***!Significant!at!the!0.05,!0.01,!and!0.001!probability!levels,!respectively.!!
†!ns,!nonsignificant!at!the!0.05!probability!level.!!
